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INTRODUCTION

This report is a statement of progress during the six-months period
from December 1, 1954 to May 31, 1955 on investigations of radioactive
materials in the United States and Alaska, undertaken by the U. S. Geological
Survey under the sponsorship of the U. S. Atomic Energy Commission.

The principal investigations during the period were in the Colorade
Plateau region of Colorado, Utah, Arizona, and New Mexico, and in Wyoming,
and the western Dakotas. The drilling program on the Plateau was continued,
but no exploration was undertaken elsewhere during the period.

Many of the investigations of the USGS have progressed to the point
where final reports are in preparation for future publication with the
permission of the AEC., Other studies are incomplete and fin]al reports
cannot be expected for several years. Formal Survey publications (as
distinguished from administrative Trace Elements reports) during this period,
resulting from work done previously, consisted of two Professional Papers,
one Bulletin, eight Bulletin chapters, and five Circulars. Other publications
included 20 abstracts and 20 papers in scientific journals; six Trace
Elements Reports sent to the Technical Information Service of the AEC for
wider distribution; 54 papers presented before scientific societies; 25
Trace Flements Reports released on open file; and 61 papers prepared for
the Proceedings of the International Conference on the Peaceful Uses of
Atomic Energy to be held at Geneva, Switzerland, August 8-20, 1955.

The highlights of the main field and laboratory projects now underway

are contained in the summary on pages 17 to 25.
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SUMMARY

Uranium in sandstone-type deposits

Colorado Plateau Exploration

Within the past year the objectives of the Colorado Plateau Exploration
Program have changed from the discovery and outlining of minable ore deposits
to the discovery and delineation of ground favorable for the occurrence of
uranium ore, and study of the geologic enviromment of ore deposits. Geologic
investigations conducted in conjunction with physical exploration during the
report period include studies of (1) criteria useful in the search for ore
in the Beaver Mesa area, Gateway district; (2) the relation of intersecting
?festnon® gurfaces to some ore bodies, discovery of four previously unde-
scribed vansdium mirerals, and discovery of molybdenite and digenite with
urarnium ore in the Bull Canyon district; (3) the possible relation of
charvels and uranium deposits to monoclines and structural terraces in
the Deer Fiat area, White Canyon district; (L) geologic criteria for favor-
able grruad in the La Ssl Creek area, Paradox district; (5) preliminary
resu’ts of heavy minersl separation and calcium carbonate studies in the
Slick Roek districty {A) anziysis of the relation of sedimentary features
te ore deposition in the Uravan district; and (7) geologic criteria for
favoranle grousd in the Gypsun Valley and Thompson districts.

Colorado Flateau Geoclogic Studies

Geologic mapping

Geoclogic mapping and office work was continued in connection with
the following mapping projects: Elk Ridge, Utah; San Rafael Swell, Utah;
Moab~-Inter-river area,Utah; Lisbon Valley, Utah and Colorado; Circle Cliffs,
Utah; Abajo Mountains, Utah; Sage Plain, Utah and Colorado; and Western San
Juan Mountains, Colorado. Compilation and report writing, prior te final
publication, continued on the southwestern Colorado areaj Carrizo Mountains
ares, Arizona and New Mexicoj Monument Valley area, Arizona; Red House Cliffs
area, Utah; White Canyon area, Utah; Capitol Reef area, Utah; and the .Comb
Ridge area, Utah.

In the San Rafael Swell the Moss Back member of the Chinle formation
northward from Temple Mountain is relatively thick, massive and is barren.
Although relatively thick at Temple Mountain, the Moss Back thins to the
south and becomes interbedded with mudstones; this facies change may
account, in part, for the accumulation of uranium at Temple Mountain.
Significant wranium deposits in Lisbon Valley are found in the Cutler,
Chinle, and Morrison formations, and all snow a degree of lithologic con-
trol. In Monument Valley some scour channels filled with Shinarump conglom-
erate mark the axes of broad swales 3 to L miles wide with about 50 feet of
relief and of considerable length. Recognition of these swales may help



18

future drilling or geophysical work in the search for concealed channels.
Fluorescent silica is associated with many uranium deposits and is thought
to be a useful ore guide in the Monument Valley area. Most of the Shina-
rump channels in the White Canyon area are contained in a northeast-trending
belt of relatively continuous Shinarump conglomerate. All of the known
significant uraniumn deposits are contained in channels that occur within
the margins of this belt.

During the period photogeologic maps of 22 quadrangles were completed,
bringing the total number of such maps since the program was started to 263,
To daté, 115 photogeologic maps have been submitted for publication, and
50 maps have been published.

Stratig;a.ghic gtudies

Upper Triassic formations may be grouped, on the basis of lithology
and genesis, into four major units; a basal claystone containing interbedded
sandstones and conglomerates, a reddish siltstone unit centaining thin inter-
bedded limestone beds, a reddish structureless siltstone containing minor
sandstones, and an upper eolian sandstone.

Pebble studies of Triassic formations show significant differences
in the distribution of quartz, quartzite, chert, and limestone between the
Moss Back member of the Chinle formation and the Shinarump conglomerate.
Fossils contained in pebbles indicate the pebbles were derived from rocks
of late Paleozoic age.

Compilation of regional permeability and tranamissivity data indicates
that Permian and Mesozoic rocks can be divided into three major groups:
(1) units that are nontransmissive because of vanishingly low permeability,
(2) units with uniform regional gradients of permeability and transmissivity,
and (3) units with highly variable regional gradients of permeability and
transmissivity. The distribution of uranium between these units contrasts
sharply, but no apparent correlation of location of ore deposits with mean
permeability or transmissive range has been detected within any particular
unite.

Botanical studies

A study of analyses from experimental garden materials suggests that
selenium becomes more available to indicator plants in the presence of
carnotite. Solubility studies indicate that the presence of selenium and
sulfur causes uranium in carnotite to be more soluble at pH 8.0 or higher
and that selenite and sulfite ions tend to oxidize to higher states.

Statistical anslysis of uranium assays of branch tips collected on
Elk Ridge, Utah, indicates that uranium contents greater than 1.0 ppm for
pinyons and 0.8 ppm for junipers constitute botanical anomalies. In the
Circle Cliffs area pinyon and juniper may be useful, for absorber plant
prospecting under restricted conditions; indicator plants are unreliable.
In the San Rafael Swell neither indicator nor absorber plants appear widely
ugseful as prospecting aids.
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Mineralogic studies

. Studies of oxidation zoning in the JJ and Peanut mines show that
thin, discontinuous transition zones exist between oxidized and
unoxidized ores. These zones appear to be related to the configura-
tion of the water table. Marcasite, which inverts fo pyrite at a
vewperature of 450° C., and molybdenite, which in typical hydrothermal
ores is deposited at a temperature of 5009 C., have been found associated
with unoxidized ores.

X-ray analyses indicate that Triassic clays are composed predomi-
nantly of illite with lesser amounts of kaolinite, chlorite, and mixed-

layer clays.

Study of replicate semiquantitative spectrographic analyses shows
that the correction for precision of analysis in the statistics of
element distribution is amall. Calculation of correlation coefficients
hetween detectable elements in barren and mineralized Morrison sandstones
shows all significate correlations to be positive.

Most of the elements detected in uranium ores have a high correlation
with 3luminum.

Olivine basalts of the Colorado Plateau contain more bariua than .
basalts from widely spearated parts of the world. Alkaline basalts from
the Plateau contain more uranium, thorium, niobium, lanthanum, and other
cerium group rare earths than Plateau olivine basalts.

Geophysical investigations

The Ol jeto Wash and other Momument Valley seismic refraction studies
indicate that buried Shinarump channels can be located with the refraction
seismograph in areas where there is no Chinle overburden. The problem.of
mapping the contact of the Shinrump and Moenkopi formations through Chinle
overburden has not yet been resolved, but in one Chinle~covered area the
seismic refraction data have proved successful in delineating the presence
of a buried Shinarump channel.

Regional gravity surveys were made in the White Canyon, Carrizo
Mountains, and Monument Valley areas. To date about 2,040 gravity stations
have been established in several areas totalling about 4,500 square miles.

The magnetic anomalies are related predominantly to structural and
compositiongl features in the basement rocks and to younger igneous intrusions.
Regional gravity anomalies in the Paradox Salt Basin are controlled prinecipally
by salt structures and other irregularities in thickness of the salt. -In
areas where salt is thin or absent their controls are generally similar to
those of the magnetic anomalies,
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Ori ~-state core studies

Over a L-mile distance between the carnotite ore terrane of Long
Park and the blue-black ore terrane of Bitter Creek in Monirose County,
Colorado, gamma-ray and electrical bore hole logs bear a consistant
relation to each other. Overall resistivity in the poorly mineralized
drill holes is less than in the ore drill holes, particularly below the
correlated position of the ore zone, because of the presence of low-
resistive claystone beds. Although radieactive zones, including ore
zones show diminished resistivity, the overall resistivity of the ore
drill holes is greater. Below the ore where permeable sandstone con-
tains appreciable water, maximum resistivity is reached.

South Dakota and Wyoming

Thermoluminescence studies at the Gould mine and Long Mountain in
the Southern Black Hills, South Dakota indicate that high thermeluminescence
anomalies correlate with high radicactivity anomalies both on the surface
and in core holes., It is planned to sample systematically for thermeo-
luminescence in areas distant frem lkmown uranium deposits in the hope of
finding trends of anomalous thermoluminescence that might lead to the
discovery of blind ore bodies at depthe

In the Gas Hills area, Wyoming, waters from springs, wells, streams
and reserveirs were collected for uraniwm analysis. It was found that
the uranium content of water draining from mineralized areas averaged 98
parts per billion in contrast to 6 parts per billion in water from un-
mineralized areas.

Sandstone containing as much as 3 percent uraniwmm has been found in
the Browns Park formatien of Miocene age in Poison Basin, near Baggs,
Wyeming. Uranophane, schreeckingerite, and tyuyamunite have been identified
from the area.

Arizena

Uranium deposits in the Dripping Spring quartzite, Gila County,
Arizona, have been found in two types of host rocks siltstone and felds-
pathized rock. In general, the deposits in the siltstone are more numerou=
and cever larger areas than those in the feldspathized rocke All the
known deposits are limited by seme as yet undefined stratigraphic centrol.
Primary minerals of the deposits suggest an early stage of high-tempersture
depesition.



Texas

The uranium deposits in Karnes County, southern Texas, were examined
and a preliminary stratigraphic sectien prepared. The depesitsoccur in
the Jackson formation of Focene age and the overlying Catahoula and
Oakville sandstones of Oligocene age, largely in unconsolidated beds of
tuff, sand, and sandy clay. The yellow and green uranium minerals are
associated with large amounts of molybdenum and arsenic. The deposits
range from very small occurrences to bodies several hundred feet across
that contain thousands of tons of ore.

Uranium in veins, :_Lgl_ us rocks, and and related deposits

Uranium occurs in several beds, over an area of several square
miles, in a thick sequence of bentenite-bearing tuffaceous Oligocene
sedimentary rocks northeast of Winston, Broadwater County, Montana.
Secondary uranium minerals have been found at two localities in beds
ranging in thickness from 1 inch to 2.5 feet. Reconnaissance of an area
of similar tuffaceous sediments south of Radersburg, Broadwater County,
disclosed anomglous radioactivity in beds of carbonaceous shale and in a
L-foot bed of lapilli tuff.

In rhyolitic and dacitic rocks fram six western states the uranium
content shows a significantly high positive cerrelation with the centents
of niobium, beryllium, and fluorine; a less significant correlatien with
the content of lithium and tin; and a significant negative correlation
with the content of beron and lanthanum; and no significant correlation
with the content of zgirconium and lead. Significant variations with the
geographic provenance have been shown for all elements except tin and
lanthanwne.

Studies of the adsorption of wranium onto zeolites was begun with
the idea that the amounts ef uranium adsorbed may serve to locate volumes
of rock through which uraniferous selutions may have passed. Chemical ase
determinations of uranothorite and allanite from a pegmatite provide
evider 3 that may give a measure of the amount of magmatic lead abserbed
by these minerals during their crystallizatien.

Uranium in carbonaceous recks

Lignite, carbonacecus shale, and sandsto.e containing more than
0.10 percent uranium occur in rocks of Late Cretaceous to Miocene age
at several widely separated localities in eastern Montana and the easterr
Dakotas. In the Riley Pass area, Harding County, South Dakota about 440
acres is underlain by a lignite bed 1.3 feet thick and centaining 0.76 per-
cent uranium. Some samples frem the area contain as much as 0.5 percent
molybdenum and 0.9 percent arsenic. Depesits similar to but smaller than
those at Riley Pass are known at Slim Buttes, South Dakota, and the Killdeer



Mountains, Nerth Dakota.

Uranium was feund in asphalt-bearing recks frem 45 areas in the
western states, the average concentrations ranging fram 0.001 te 0.376
percent in the ash of the extracted oil. Studies of asphaltite pellets
and oil extracted from the same reck show same interesting inter-re-
lationships, indicating that the pellets may have been derived frem the
oil. It was also found that the uranium is concentrated in the erganic
fractions of the samples and net in the hest reck.

Anglysis ef stripping film expesures prepared frem thin sections
of ore-grade uraniferous sandstene impregnated with carbenaceous material
from the Temple Mountain area shows that the uranium is net present in
the ere as a coating of the mineral grains, that there is a dispersion
of alpha-particle tracks threughout the carbonaceous material, and that
the pyrite and quartz grains are practically deveid of tracks.

Detailed studies of feur carbenaceeous shales indicate that in the
Chattaneoga shale and in shale frem the Phosphoria fermatien, uraniwm is
present as a separate colleidal phase. In shale frem the Daketa sand-
stene, there is a marked asseciation of uranium with the organic fractieng
and in the Sharen Springs member of the Pierre shale the uranium may be
associated with a mineral fractien.

Uranium in phosphates

Field investigatiens in the hardreck phesphate district ef Flerida
indicate that the secendary phosphate depesits in that area may have been
derived by cemplex weathering precesses frem the phosphatic Miocene sedi-
ments which fermerly cevered the area. Auger drilling of anomalies
discevered by airberne radieactivity surveys in the area show that the
high radieactivity is asseciated with phesphatic materials.

Uranifereus slag frem an elemental phespherus furnace was found te
be almost entirely Ct'-pseudewellastonite. Its cempesitien, X-ray
pattern, specific gravity and uranium content change during crystallizatien
and it is pessible te beneficiate uwranium semewhat by heavy liquid
fractionatien.

It was found in field study that seme ground water pedzels are now
being destroyed in ths Land Pebble Field. Thus, their impertance as agents
in the leaching aril weathering that preoduced the aluminum phesphate zene
may be greater than evident frem their present distributien.
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Reconnaissance for uranium in the United States

Airborne radiecactivity surveys totalling 3,490 miles were completed
during the period. Of these, 1,910 miles were flown to evaluate the
relatienship of radicactivity measurements in the air te oil and gas
accumulation, and 1,580 traverse miles were cempleted in southeastern
Tennessee as part of a study ef the relatienship and distribution of
rgdieactivity in crystalline rock areas.

A considerable number of uranium occurrences in the Pisgah National
Forest in western North Carolina were examined. The number of such eccur-
rences, and the fact that many samples of reck from this area contain
0.). percent uranium or more, may be significant.

The Loon Lake batholith, which underlies a large area in northeastern
Washington and northern Idahe, contains abmormally radioactive rocks over
a considerable area and a number of samples which contain 0.10 percent eor

more uranium have been taken.

Carnotite mineralization was found in an erosion remnant of the
North Park (?) formatien along the nertheast margin of the Hanna Basin,
Carbon County, Wyoming. A sample frem the north end of the 1/2-mile long
exposure contains 0.051 percent U and 0.16 percent V20s.

Analytical service and research on methods

The redetermination of the half-life of thorium js being appreached
by the use of alpha spectrometry. Measurements of Cud3/Cub5 ratio were made
by neutron activation analysis, with a reproducibility of about 1 percent.
Methods for the chemical determination of Ti, Mo, Zr, Sb, and Cu in the
presence of interfering elements were investigated in detail, and
experimental work on the thiocyanate method for the determination of
uranium was cempleted. It was observed during the course of this work
that under similar conditions vanadium gives a blue color with thiecyanate
in acetone-water selution. A method of vanadium determination, based en
this reaction,  was developed.

Laberatory work is essentially cemplete on methods for the determinatien
of lead in monazites, and a direct celorimetric preocedure involving no
spearations was found applicable to the determination of thorium in monazite
cencentrates. Highly purified potassium salts were prepared from fresh and
weathered granite as a contributien toward an isotopic fractienation study.

Geochemical and petrolegical research on basic principles

A study of the distributien ef heliwm in the United States shows that
in natural gas fields the propertions ef helium, argon, and nitrogen vary
within limits and that their concentratiens increase with geologic age.
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It is thought that the principal sources of helium, argon and nitregen
are: radiosctive decay of uranium (helium source); potassium-40 (argon
source); degradation of nitrogenous cempounds in recks (nitregen seurce),
possibly as a result of asseciated radiocactivity; and eccluded atmespheric
air with rocks (nitregen and argen source).

Tests of precision and accuracy of several metheds of therium
analysis of igneous rocks were made, For the very low range represented
by most igneous recks the gamma-ray spectrometer seems to be’ the mest
suitable but the X-ray flucrescence and radiechemical metheds offer much
premise. The chemical wet metheds as applied to these materials seems
least satisfactery but further studies are needed. Native iron net due
te contamination was found in the green phases of the Conway Granite ef
New Hampshire; enly one other such occurrence in felsic recks is reperted
in the literature.

Chaanel sampies from several mines studied during the repert peried
all are censistent with the cencept of eriginal low valence ore minerals
exidiged in situ. Methods were developed for identification of vanadium
silicates. Resceelite does not appear to be affected by an exidizing
enviremment, but such an enviromment does affect vanadium chlorites and
hydreous micas. Reducing capacities of woody materigl in vanadium solutiens
at 150% C. were determined; fresh spruce has a capacity of 1000 milli-
equivalents per 100 grams. Lignite is roughly half as effective. Most of
the theoretical beundaries ef the Eh-pH diggram of uranium, vanadium, and
water have been checked experimentally.

The study of the selubility of carnetite was continued and work was
started on the system Ca0.U03,V205.H20. Study and synthesis ef various
nen~uraniferous vanadatss were centinued. .

Geologic studies of lead isetepes in three galena samples frem the
Sudbury district, Ontario confirmed twe previeously kmown types and added
information thgt identified the geelogic asseociatiens. Additienal ise-
tope analyses were made of galena from sedimentary formations areund the
perimeter of the Celerade Plateau. Fluerimetric determinations were made
in 100 selected recks, beth igneeus and sodimentary. A trend teward higher
uranium values in samples of younger geelogic ages seems te be indicated.

Copper isetope analyses aro new well under way. Isotopic uranium
analyses of seven selocted samplss indicate a constancy in the ratio ef
at least one percent. Preliminary tests are being made te measure the
variatien of K40 in geolegic precesses and also nuclear reactions taking
place in lithium minerals.

Mineralegic and petregraphic service and research

X-ray diffractien services were. improved by the develomment of a
methed of unit cell determination fer fine-grained minerals, and a high
temperature sample meunt for the diffractemeter. Significant advances in
crystal chemical studies includos (1) the elucidation of the mumercus
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natural uranium exide hydrates (becquerelite, schoepite, etc.), and
determinatien ef their structural principles; (2) the selutien ef the
crystal structure and censtitution ef the new mineral duttenite,
VO(OH)2; (3) the evelutien ef the pH-oxidatien potential phase diagram
fer vanadiwm in selution, shewing relations and alteratien sequences
ameng vanadium mineral species en the Colerade Plateaus.

The study of vanadium minerals was continued and by a new methed
ef electron diffractien analysis the a and b unit~cell constants ef
calcium hewettite, navajoite, and cervusite were tentatively assigned.
Electren diffractien patterns and micregraphs of uranium and vangdium
minerals were obtained.

-

Geephysical service and research en methods and principles

Laboratery and field studies have been made en (1) the relatien of
ratie of photetube cathode area te phospher area (2) spectral energy
apparatus fer drill hole loggers (3) water pressure strength of scintil-
latien drill hele probe heusings, (4) a cemparisen ef plastic ard sedium
iedide phesphers for carberne counters, (5) the effect of vehicle speed
and related parameters en "detectability™ with carberne equipment and
(6) temperature drift of carborne scintillatien loggerse.
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URANIUM IN SANDSTONE~-TYPE DEPOSITS
Colorado Plateau Exploration

Exploration and geélogic studies on the Colorado Plateau by the
USGS are directed toward assessing the uranium potential of the area.
Since November 1947 physical exploration by drilling has had as its
objective the discovering and outlining of ore deposits. Because pri-
vate industry is assuming a major role in this effort the Survey has,
in the past year, placed greater emphasis on the discovery and delineation
of ground favorable for the occurrence of uranium ore and on the study of
the geologic environment of the ore deposits. The amount of drilling on
any particular ore body is limited to that necessary to determine its
geologic configuration and habits, and wherever possible, drilling is
done on public land rather than on privately held land.

In each of the areas where physical exploration is planned, in
progress, or completed, a comprehensive geologic study is made by in-
tegrating the geologic information obtained from Government and private
drilling, appraising all mines in the district and mapping in detail
those exhibiting significant geologic relations, mapping in detail the
surface geology where necessary, and making petrographic and mineralogic
studies. The results of these investigations guide the drilling in pro-
gress and provide recommendations for future exploration. The geologic
guides to ore and significant geologic information obtéined from these
studies are published in regular Survey, Trace Elements, or outside
publications.

Exploration and related geologic investigations and report pre-

paration were conducted during the report period in seven areas in the
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Uravan mineral belt of southwestern Colorado and eastern Utah. These
activities are directed mainly toward the evaluation of the uranium
potential of the Salt Wash member of the Morrison formation (Jurassic
age). Similar investigations were in progress in two areas known to
contain uranium deposits in the Shinarump conglomerate (Triassic age)
in-Utah and Arizona (fig. 1). Geologic field work and diamond drilling
were in progress in the Uravan, Bull Canyon, and Slick Rock districts of
western Colorado, and in the Deer Flat area, White Canyon district of
Utah, and in the Monument Valley district, Navajo County, Arizona.
Field and office work necessary for preparation of reports continued
on projects where drilling was recessed or completed in the Thompson,
Gateway, Paradox, and G&psum Valley districts in eastern Utah and
southwestern Colorado,

Beaver Mesa area, Gateway district,
Mesa County, Colorado and Grand County, Utah

by
L. J. Eicher

The Beaver Mesa area is on the northeast flank of the La Sal
Mountains about 6 miles southwest of Gateway, Colorade.

A1l of the known significant uranium-bearing deposits in the
BeaverAMesa area are in the uppermost sandstone lens of the Salt Wash
member of the Jurassic Morrison formation. This lens, commonly referred
to as the More-bearing sandstone®, ranges from 15 to 80 feet in thickness.
The ore-bearing sandstone is commonly lenticular and irregularly bedded.

Surface and subsurface geologic data indicate that the following
geologic features are normally associated with known uranium-vanadium

deposits in the Beaver Mesa area: (1) The mudstone in contact with the



28

BULL - CANYON PROJECT
DEER FLAT PROJECY
GYPSUM VALLEY PROJECT
LA SAL CREEX PROJECT
SLICK ROCK PROJECT
URAVAN PROJECT

THOMP SOM PROJECT

_— G008

H
——y

|
n:uu:.*.i

DUCHESNE

vernategd

‘
*.C
&

£ ]
sx'tuAT.o e e e _-—-WJQTMLN.G-—_—-———--*———‘——""——‘L.—‘—_—‘
O MINING DISTRICT UTAH | &Sty COLORADO "
GATEWAY PROJECT: MR i

\ % I mmERAL
6 -
———— AR>S o} , ! j
Q & © J L 1
N % , e ]
*5:3 e vea~ (a rLatal
A " . el i
¢ wa | anrcworera
) .

!

Figere | . MAP SHOWINB THE I.Otﬂ_lﬁl OF PROJECTS OF THE COLORADO PLATEAV
EXPLORATION PROGRAM, DECEMBER I, 954 - NAY 31, (9855

£



29

ore-bearing sandstone is a gray-green colory (2) the ore-bearing sand-
stone contains thin, discontinuous green mudstone lenses, thin gzones of
green mudstone pebble-conglomerate, and abundant fragments and masses
of carbonaceous materialy (3) the ore-bearing sandstone is a light-
gray or light-brown color.

Application of the above criteria to the Beaver Mesa area indicates
that several localities are underlain by sandstone considered favorable
for the occurrence of uranium-vanadium deposits. These favorable areas
coincide roughly with projected trends of the elongate sandstone lenses
in the upper part of the Salt Wash member. One of the larger favorable
areas is about 12,000 feet long, 5,000 feet wide, and is elongate in a
northeast direction. Five significant deposits are known in this area.

The significant uranium-vanadium depesits in the Beaver Mesa area
are the unoxidized (or only partially oxidized) uranium-vanadium type, -
comuonly called "black ores®. The principal ore minerals are the uranium-
bearing minerals uraninite and coffinite and \i the vanadium-bearing minerals
montroselte, lumsdenite, and doloresites

Areal geologic mapping has been completed for about 40 percent of
the Beaver Mesa area,

Bull Canyon project, Bull Canyon district,
Montrose and San Miguel Counties, Colorado
A, El.)yFlint

The pull Canyon mining district is between the Paradox Valley and

Gypsum Valley salt anticlines about 70 miles south of Grand Junction,

Colorado.
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Known uranium and vanadium deposits in this district occur in the
Morrison formation, mostly in the Salt Wash member. The ore is localized
in lenticular strata of sandstone that are bounded by thin to thick mud-
stone layers. The most favorable host rock for ore seems to be a thick
permeable sandstone containing a moderate amount of green mudstone as
pebbles, seams, films, and as interstitial filling., Both oxidized and
unoxidized deposits are being mined in the Bull Canyon mining district.
The uranium minerals in the deposits usually occur as oxides and the
vanadium minerals occur either as oxides or in vanadiferous clays as
silicates. Copper is sparse to absent in the deposits.

Mine and outcrop mapping and exploratory drilling was in progress
during the period. Mine mapping on plan and sectional views at a scale
of 1 inch equals 20 feet was correlated with detailed sampling for study
of trace element distribution, petrogenesis and oxidation states of the
ore minerals. Elements of sedimentary structural control of the ore
were mapped. To date these studies support the following tentative con-
clusions: (1) Relatively impermeable surfaces of crossbedding features
called "festoons™ slowed the migration of ore solutions through the ore-
bearing sandstone and ore bodies formed in the traps beneath the surfaces
of intersecting festoons; (2) ore bodies not occupying the entire trapping
structure tend to lie near the roof of the structure.

Four previously undescribed vanadium minerals have been reported
from this study in one of the mines, and trace element studies have shown
the occurrence of molybdenite and digenite with the ore. Both minerals
may be indicators of ore solution temperatures. Petrogenesis studies
are incomplete. All phases of these studies are continuing. Mapping of

five mines was in progress during the report periode
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More than 16 miles of rim exposure was mapped during the period.
The mapped strata are chiefly in the Morrison formation, which includes
the important ore-bearing zones in the district.
Deer Flat area, White Canyon dlstrlct,
San Juan County, Utah
by
Te Lo Finnell

Field work, except for spot checking, and the first eiploratory
drilling contract were campleted in October 1954. Geologic mafaping
a.na drilling show that uranium deposits are localized in the Shinarump
conglomerate where it fills scour channels in the top of the Moenkopi
formation. Shinarump-filled channels are confined to a belt of dominantly
continuous Shinarump that trends northeasterly across the area (fig. 2).
Mineralized sandstones filling chamnnels north of this belt are thought to
be stratigraphic equivalents of Chinle sandstones above the Shinarump.
This suggests that the Shinarump and Chinle sediments lap progressively
northward onto a Triassic positive area.

Diamond drilling and mine mapping indicate that the uranium ore is
localized in medium- to coarse-grained carbonaceous sandstone beneath
gray Shinarump siltstone near the channel floors. The ore deposits con-
tain relatively unoxidized uraninite, chalcopyrite, chalcocite, bornite,
and covellite. The ore occurs as replacements of fossil wood and dis-
seminations in sandstone., Some associated minerals are quartz, calcite,
dolomite, manganosiderite(?), galena, sphalerite, barite, gypsum, and
keolinite(?). The ore is thickest and highest in grade near loca.".!. scours

in the channel floors.
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Large known uranium deposits are in sediments of the Shinarump
conglomerate that fill channels scoured into the Moenkopi formation. A
comparison of the configuration of the base and the top of the Moenkopi
suggest that the unit was folded locally before the Shinarump was deposited
{cross-section, fig. 3). Further, structure contours drawn on the base
of the Moenkopi tentatively suggest that those channels cut across a mono-
clinal steepening in areas of low dip are more favorable. For example,
the largest known deposit is in a channel on a local monocline. This
channel trends across the monocline and turns to parallel the dip (fige. 3).
It is not cut as deeply, however, where the dip lessens west of the monocline.
Possibly the channel was cut by a westward flowing stream across a local
monocline resulting from the pre-Shinarump folding. The relation of this
Triassic channel to the monocline is markedly similar to the relation of
present day stream channels to the monoclines of the Colorado Plateau. Many
of the modern channels are shallow on the low dip slopes on either side of
the monoclines, but are relatively deep where they cross the monoclines.
Contours on the eroded top of the Moenkopi (fige. 3) suggest that the upper
surface of the fold was eroded before the Shinarump was deposited (cross-
section, fig. 3).

Drilling resumed in May 1955 to test the value of uranium absorber
plant anomalies in locating concealed uranium deposits, to test the relation
of uranium deposits and channels to monoclines and structural tepraces,

and to determine diagnostic lithologic features of the Shinarump pinchqut.
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Gypsum Valley area, Gypsum Valley district,
Montrose and Sawm Miguel Counties, Colorado
by
Ce Fo Withing‘ton

Mining activity in the Gypsum Valley district is concentrated on
the floor and along the inner walls of a collapsed salt anticline called
Gypsum Valley. Economic deposits of uranium and vanadium occur in the
Pennsylvanian Hermosa formation, the Jurassic Wingate formation, the
Jurassic Carmel-Entrada formation (undivided), and the Salt Wash and
Brushy Basin members of the Jurassic Morrison formation. Most of the
production and known reserve is in the Salt Wash member of the Morrison
formation.

A study of diamond-drill core and outcrops of the Salt Wash member
indicates that the ore deposits are localized: (1) in narrow, lenticular
sandstone strata that trend northwest, (2) near the contact of salt with
the overlying Salt Wash member, or (3) in places where the Salt Wash
member thins over the salt anticline.

The sandstone beds containing deposits in the Salt Wash member are
usually light colored, contain gray or green pebbles, films, and seams,
and are underlain by green mudstone. Organic remains are also present
with ore.

Carnotite and a vanadium mica are the common ore mineralsj limonite,
calcite, and silica occurring as evergrowths on quartz grains are common

accessory minerals, and secondary copper minerals are present locally.
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La Sal Creek area, Paradox district,
Montrose County, Colorado, and San Juan County, Utah

by
We Do Carter

The 1a Sal Creek area is in the western half of the Paradox Mining
district in Montrose County, Colorado, and San Juan County, Utahe The
area includes the eastern flank of the La Sal Mountains from Deep Creek
on the north, to Coyote Wash and the Dolores River on the south, and to
Paradox Valley on the east., Areal geologic mapping of the La Sal Creek
area, covering about 280 square miles, commenced in May 1954 in con-
Junction with resource appraisal studies and diamond-drill exploration
by the USGSe Approximately 20 percent of the area has been mapped in
detail and 80 percent has been studied by reconnaissance methods.

The rocks exposed in the area are composed of sedimentary strata
ranging in age from Pemnsylvanian to Recent. A large portion of the area
consists of mesas capped by the Cretaceous Dakota and/or Burro Canyon
formations. The mesas are separated by deeply incised stream valleys
which usually expose the Brushy Basin member of the Jurassic Morrison
formation. Outcrops of the Salt Wash member of the Morrison and older
formations are exposed along La Sal Creek, Coyote Wash to the south,
the northwest end of Paradox Valley, and isolated spots near igneous
rocks at the bagse of the La Sal Mountains.

All of the known uranium-vanadium deposits in the lLa Sal Creek area
are in the Jurassic Morrisen formation and the major depesits are in the
wppermost continuous sandstone layer of the Salt Wash member,

Small, scattered deposits are found in cherty, conglomeratic sand-
stone lenses of the Brushy Basin member. A recent discovery of mineralized
material in an arkosic sandstone and conglomerate in the Triassic Moenkopi
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formation that crops out in Paradox Valley has renewed interest in the
older beds exposed in the area.

Exploration drilling along La Sal Creek by the USGS has discovered
numerous uranium deposits in a large favorable area, trending east-
northeast, that is approximately six miles long and varies in width from
500 to 3,000 feet. The deposits range from a few tons to many thousand
tons and offer drilling targets that range from 12,000 to 180,000 square
feet. Drilling, along with detailed mapping of about 10 mines in the
area, indicates that in general the deposits consist of thin (average 3
feet), essentially tabular ore bodies oriented roughly east-west or
slightly south of east in en echelon arrangsment within the favorable areae.

Favorable ground in the La Sal Creek area is determined by the
following criteria: (1) The sandstone beds of the ore-bearing horizon
should show lenticularity and reach a total thickness of 30 feet or more;
(2) the sandstone should be light-brown, white or light gray in color;

(3) green or gray mudstone should be present above or below the sandstone
or within the sandstone as seams, pellets, or filling the interstices
between sand grains; and (4) carbonaceous material should be present as
scattered flakes and/or in trash pockets. On the outcrop and in the mines
current lineation, ancient stream scours, ripple mirks, festoon-type
cross-bedding, and imbrication of mudstone pebbles or fragments aid in
determining the trend of favorable ground.

The number and frequency of such favorable belts in the La Sal Creek
area are unknown due to sedimentary cover and the sparse number of exposures
across sedimentary trends. One deposit discovered north of the favorable
area along La Sal Creek suggests the possibility of a second favorable

belte Its trend and dimensions are as yet unknown and must be determined
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by extensive drilling. Rim studies along 20 miles of the ore-~bearing
horizon have discovered a few places in the La Sal Creek area that have
been tentatively classed as favorable.

Slick Rock district,
San Miguel and Dolores Counties, Colorado

by
D. Re Shawe

The Slick Rock district is in the western part of San Miguel and
Dolores Counties, Colorado, and comprises an area of about 500 square
miles., The salient structural features of the district are the north-
west-trending Disappointment syncline and adjacent Dolores anticline.
Principal uranium-vanadium preduction is from a thick, continuous sand-
stone layer near the top of the Salt Wash member of the Jurassic Morrison
formation., Sandstone considered favorable for ore is light gray or
light brown, contains abundant carbonaceous material, and is underlain
by gray-green mudstone lenses., Light reddish brown, and reddish brown,
are the colors respectively of the normal or unaltered Salt Wash sandstone
and mudstone., S8alt Wash ore deposits range from a few tons to many
thousands of tons in size and are found in areas of favorable ground as
much as a mile wide and 5 miles long, trending generally easterly.

Mine mapping at a scale of 1 inch to L0 feet continued and is now
about half completed in two mines in the district, and mapping was stérted
in two mines. Details of the ore bodies, as revealed by mine mapping and
in part by analyses of trace elements, suggest that mineralization took
pPlace along an interface between solutions of different composition and
density, possibly connate water and a meving warm water selution. Roll
ore bodies are abundant where the ere-bearing sandstone contains numerous
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thin mudstone layers and tabular bodies are abundant where mudstone layers
are sparse or absent, suggesting that tabular bodies formed below a moving
sheet of warm water and roll bodies formed where numerous mudstone layers
directed the moving solution into sedimentary trapse.

Surface mapping of the Morrison formation at a scale of 1:12,000
was continued throughout this period.

Special studies included investigations of the distribution of calcium
carbonate in the Salt Wash member of the Morrison formation, of heavy
minerals in the Salt Wash member, of fractures in the Slick Rock district,
and of the stratigraphy of the Mancos shale. Tentative conclusions based
on the calcium-carbonate study show that calcium carbonate in the altered
mineralized sandstone has a spatial distribution related to the position
and form of ore bodies.

Investigation of the heavy minerals in the Salt Wash member of the
Morrison formation indicates that hematite, though abundant in unaltered
sandstene, is almost completely absent in altered sandstone and barite has
been recrystallized in altered sandstone, Spatial relationships of the
alteration features to ore deposits suggest that they are a result of
activity of the mineralizing solutions.

Uravan project, Urgvan district,

Montrose County, Colorado

by
Re Lo Boardman

The USGS has conducted a program of exploration and related geologic
studies in the western part of the Uravan district, Mentrose County,
Colorado, since 1948, The principal objectives of this work are: (1) to
appraise the uranium-vanadium reseurces of this important producing part
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of the district, (2) to make a comprehensive study of geologic factors
affecting the control and localization of ore deposits, and (3) to search
for new deposits.

Since December 1, 1954, the exploration phase of the program has
been devoted largely to testing unexplored ground east and southeast
of the Long Park area in the southern part of the district. This drilling,
which is being done to provide a basis for evaluating the uranium-vanadium
potential of this ground, should be completed during the summer of 1955.
Some drilling is being done to complete outlining of ore deposits pre-
viously discovered on public land that is withdrawn from mineral entry
in the southeastern Long Park area.

A detailed rim study was completed late in 1954 of the upper sand-
stone lenses of the Salt Wash member of the Morrison formation in the
western part of the Uravan district. The horizontal extent and geologic
character of the sandstone lenses were recorded as were the sedimentary
trends determined from festoon cross laminations; ripple and current
lineations, and cross bedding. These lenses contain all of the principal
uranium-vanadium depesits in the district. The data acquired during
this study have been integrated with information derived from detailed
mine mapping, from cursory mine examinations, and from partial compilation
of data from the more than 3,000 USGS drill holes in the district. Together,
these data give a general picture of the deposition, extent, and structure
of the upper sandstone lenses of the Salt Wash, and provide a basis for
relating sedimentary features to ore features throughout the area studied.

The tentative conclusions drawn thus far from this study ares (1)
fhe sedimentary trends in the Uravan district are, in general, east, and

the strike of the sedimentary features closely parallels the long axes of
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the ore bodies and the boundaries of faverable grounds (2) an en echelon
arrangement of ore deposits in parts of the areas studied is believed to
be directly related to an en echelon arrangement of sedimentary structuresj
(3) the individual sandstone lenses of the upper part of the Salt Wash
may not be extensive regional aquifersp (L) the concept of the Uravan
mineral belt striking north through the western part of the Uravan
district cannet be seriously questioned on the basis of present knowledgej
and (5) sedimentary data, together with known fracture relationships,
make it unlikely that the genesis, localization, and concentration of ore
in the Uravan district are controlled by faults or fractures.
Yellow Cat area, Thempson district,
Grand County, Utah
by
E. S. Santos

In the Yellow Cat area uranium-vanadium depesits are within certain
elongate lenticular sandstone strata throughout the Salt Wash sandstone
member .of the Jurassic Morrison formation. The USGS explored by diamond
drilling a sandstone stratum near the base of the Salt Wash member that
is 14,000 feet long, and locally exceeds 1,000 feet in width. The area
explored contains at least six separate ore deposits along its length.
Other favorable sandstone strata nesr the middle and the tep of the Salt
Wash member contain ene or more uranium-vanadium deposits. As the ore
deposits in the Yellow Cat area are not confined te a single sandstone
layer in the Salt Wash, it is believed that in this district the lithelogy
of permeable sandstone strata is mere complex than it is in areas where
the deposits are largely confined teo a single layer.

Rock exposures in outcrop and in the mines and diamond-drill cores

show that where the sandstone strata are faverable to ore they centain



42

organic material, are light brown, light gray, or white in color, and
are between 15 and 70 feet thick., The uranium-vanadium deposits are
comnonly localized in the thicker sandstone strata. Pebbles and seams
of gray mudstone occur where sandstone strata are mineralized and in
these places gray or green mudstone lies immediately above or below
the ore-bearing stratum.

Deposits at depths greater than 100 feet below the land surface
usually contain dark-colored uranium and vanadium minerals and the rocks
are usuzlly saturated with underground water., Near the land surface the
ore minerals are usually yellow carnotite and gray vanadium mica, and the
sandstone is stained with yellow-brown limonite; underground water is

usually absent near these ores.

Colorado Plateau Geologic Studies

Regional geologic mapping

Brior to this report period field work was rompleted for the
following quadrangle mapping projects: Southwestern Colorado areaj
Carrizo Mountains area, Ariz. and N. Mex,; Monument Valley area, Arizs;
Red House Cliffs area, Utah; White Canyon area, Utah; and Capitol Reef
area, Utah. The strip mapping project in the Monument Valley area, Utah,
wags also completed (fige 4). Some office work leading to final publi-
cations was continued by each of these projects.

During this report period field and office work was continued on
the following quadrangle mapping projects: Elk Ridge area, Utah; Lisbon
Valley area, Utah and Colo.; Circle Cliffs area, Utah; Abajo Mountains

area, Utah; Sage Plain area, Utah and Colo.; and Western San Juan Mountains,
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Colo. Work was continued on the following strip mapping projectss San
Rafael Swell area, Utah and the Moab-Inter-river area, Utah. (See fig. A4.)

The regional mapping projects share five general objectivess (1) to
construct a geologic map of the area, (2) to appraise the uranium and
vanadium resources of the area, (3) to determine geologic guides to ura-
nium deposits, (L) to obtain data en centrols of ore depositien, and
(5) to locate any areas favorable for cencealed deposits. Strip mapping
involves detailed study and mapping ef only the major ore-bearing beds
and adjacent strata; it is undertaken oniy in those regions where a com-
plete and adsquate geologic map already exists.

Southwestern Celorado guadrangle mapping, by F. W. Cater, Jr.

Field work on this project was cempleted in 1950 and geologic maps
of eighteen 7-1/2 minute quadrangles are being published. The following.
black~and-white geologic maps were published in the Mineral Investigations
Field Studies map series during this report peried:

MF 17 %Preliminary geologic map of the Red Canyen quadrangle,
Colo.," by E. J. McKay

MF 18 "Preliminary geologic map of the Atkinson Creek gquadrangle,
Colo.,” by E. Jo McKay

MF 19 "Preliminary geologic map of the Gypsum Gap quadrangle, Colo.,%
by F. W. Cater, Jr.

MF 20 "Preliminary geologic map eof the Pine Mountain quadrangle,
Mesa County, Celo.," by F. W. Cater, Jr.

MF 21 "Preliminary geologic map of the Hamm Canyon quadrangle, Colo.,®
by F. W. Cater, Jr,

MF 22 W9Preliminary geologic map of the Paradox quadrangle, Colo.,"
by Ce Fo Withington

MF 26 "Preliminary geologic map of the Egnar quadrangle, Colo.,"
by F. W. Cater, Jr.
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MF 27 "Preliminary geologic map of the Joe Davis Hill quadrangle,
Colo.," by F. W. Cater, Jre.

MF 29 "Preliminary geologic map of the Horse Range Mesa quadrangle,
Calo.," by F. W. Cater, Jr.

MF 30 "Preliminary geologic map of the Naturita NW quadrangle, Colo.,"
by Fe W. Cater, Jr.

MF 31 ®Preliminary geologic map of the Davis Mesa quadrangle, Colo.,%
by F. W, Cater, Jr., and E. J. MCKW

MF 32 ®Preliminary geologic map of the Calamity Mesa quadrangle,
Colo.," by Fe We Cater, Jr.

Monument Valley area, Ariz., gquadrangle mapping, by T. J. Witkind

Field work was completed in fiscal year 1953. Uraniferous deposits
in the Monument Valley area are localized in scour channel fills in the
Shinarump conglomerate of Triassic age, and much of the geologic work in
the area has involved a study of the channels and their fills. Some
scour channels at the base of the Shinarump conglomerate mark the axes
of broad elongate erosional depressions, termed swales, cut in the under-
lying strata (fig. 5)s The swales are 3-1/2 to 4 miles wide and generally
have about 50 feet of relief. Locally, a swale can be traced beyond the
limits of its included channel, and this fact suggests a possible method
for the discovery of channels concealed beneath younger strata. If a
swale can be detected on the outcrop, it may be possible to trace it
beneath younger strata by geophysical or drilling methods. Swales cannot
be easily perceived visually, because of their relatively great width
and shallow depth, but they can be detected on isopachous maps of strata
which underlie the Shinarump conglomerate. These maps are prepared most
easily by photogeologic methods.

Monument Valley area, Utah, strip mapping, by R. Q. Lewis, Sr.
Field work was completed in fiscal year 1953. During this report
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period the significance of fluorescent silica (hyalite) as a guide to
uranium ore in Monument Valley was recognized. A number of samples of
Shinarump sandstones from and adjacent to ore deposits contain fluorescent
secondary silica. The fluorescent color varies with increase in uranium
content from a pale yellowish green to deep green. Quantitative analyses
indicate a concentration of uranium in the silica about 10 times that
found in the enclosing rock, and samples of silica taken near ore contain
more uranium than samples more distant from ores The occurrence of this
fluorescent silica may prove useful as a guide to prospecting on rim
exposures and talus slopes and in the examination of drill cores,

Red House Cliffs area, Utah, quadrangle mappi To E. Mullens

Field work on the Red House Cliffs project was completed in fiscal
year 1954 Preparation of the finsl report is nearing completion. As an
interim measure the geologic map is being processed for publication in
black and white by the USGS in the Mineral Investigations Field Studies -
map series.

White Canyon area, Utah, quadr e mappi Ae Fo Trites, dJr

Field work in the White Canyon area was completed in September 1954.

A total of eight 7-1/2 minute quadrangles, or about 400 square miles, was
mapped on a scale of 1:48,000. Detailed studies were made at the Blue
Lizard, Happy Jack, Fry No. 4, and White Canyon No. 1 mines and at the
Bell, Maybe, and Scotty claims,

Geologic studies show that the uranium deposits in the White Canyon
areg occur in channels cut into beds of the Moenkopi formation of Early
Triassic age. Channels most favorable for uranium deposits appear to be
those in which the sediments consist of 20 to 30 percent siltstone or clay-

stone and 70 to 80 percent sandstone and conglomerate. The most highly
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mineralized rocks within these favorable channels are sandstone and
conglomerate beds that intertongue with or overlie siltstone or clay-
stone beds and contain a high percentage of clay cement, abundant
claystone seams and pebbles, and concentrations of small pieces of
carbonized wood. Fine-grained sediments and trashy material appear

to have been concentrated at branches and bends in channels and in deep
scours in channel floors.

Uraninite, the principal uranium mineral in the unoxidized deposits,
is commonly associated with pyrite, chalcopyrite, bornite, sphalerite,
and marcasite, and, in one deposit, with small amounts of galena. Non-
metallic gangue minerals most commonly associated with uraninite include
the supergene sulfates, jarosite and gypsum, in addition to the quartaz,
microcline, hydromica, and kaclinite which are indigenous to the Shinarump
conglomerates.

Copper has been secondarily enriched in most of the oxidized deposits;
chalcocite, covellite, chalcanthite, brochantite, and malachite are the
most common supergene copper minerals., Secondary uranium minerals include
hydrous oxides; silicates, phosphates, and arsenates.

Elk Ridge area, Utah, quadrangle mapping, by R, Q. Lewis, Sr,

The Elk Ridge area is located near the center of San Juan County,
Utah, on the north end of the Monument upwarp. Field work started in the
summer of 1953 and continued during the 1954 field season. At the end
of the 1954 field season 80 percent of the area was mapped.

A belt of relatively continuous Shinarump conglomerate crosses
South Elk Ridge, trending in a northeasterly direction. This belt has
been roughly outlined by careful plotting of all available rim exposures

of Shinarump conglomerate, though much of the area is covered with seil
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and talus. Detailed studies during the coming field season will be
directed chiefly to the Moss Back member of the Chinle formation, which
is known to contain ore in the northern part of the Elk Ridge area.

San Rafael Swell area, Utah, strip mapping, by R. C. Robeck

Detailed field sketching of vertical sections along 20 miles of
rim outcrop near Temple Mountain has helped to delineate the Moenkopi
formation, the Shinarump conglomerate, and the Monitor Butte, Moss Back,
and Church Rock members of the Chinle formation. The vertical sketches
have also shown that minor sandstone channels of Shinarump cut into the
underlying Moenkopi. These channels trend about Ne 20° W.; none are
radioactive, and they appear to be unfavorable sites for uranium depositse.

From Temple Mountain northward, Moss Back sandstone overlies the
Shinarump, is relatively thick and massive, and is barren. At Temple
Mountain, the Moss Back locally thickens. South of Temple Mountain, the
Moss Back thins and is interbedded with mudstones. This facies change
may be one of the main reasons for the accumulation of uranium at Temple
Mountain. Deposits on Green Vein Mesa on the west side of the San Rafael
Swell and at Flat Top Mesa may be in the same stratigraphic belt. The
belt may project from Temple Mountain southeastward and may contain
significant ore deposits along its course.

Southwest from a point about 2 miles southwest of Temple Mountain,
the Moss Back becomes thin and ore of marginal commercial grade is found
only in channels cut into the underlying Monitor Butte. The Shinarump
is also present under the Monitor Butte at least as far southwest as Chute
Canyon.

Mapping and vertical sketching of rim outcrops of the Shinarump and

Chinle were started near the Hidden Splendor (Delta) mine and have extended
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northward along the west side of the Muddy River. Some of the numerous
channels in the Moss Back in this area have recently yielded uranium
ore, The Shinarump is sbsent throughout most of this area.

Lisbon Valley area, Utah-Colo., quadrangle mapping, by G. W, Weir
The Lisbon Valley quadrangle mapping project includes about 750

square miles in northeastern San Juan County, Utah, and adjacent counties
in Colorado., Significant uranium deposits are known in the upper part
of the Cutler formation of Permian age, in the Moss Back member of the
Chinle formation of Upper Triassic age, and in the Salt Wash member of
the Morrison formation of Upper Jurassic age, The Lisbon Valley area
in general is thoroughly prospected, and small parts have been well
explored by drilling, The Morrison, Chinle, and Cutler (?) formations,
where they crop out around South Mountain, may offer opportunities for
discoveries of uranium deposits by surface prospectinge
. Compilation of drill-hole data in the Brown's Hole area, where ore
occurs in the Salt Wash member of the Morrison formation, shows that the
ore is associated with areas of thicker sandstone, but channels are not
distinct and clear indications of structural control were not observed.
The extension of known deposits suggests that other significant uranium
deposits may be discovered in the Brown's Hole-West Coyote Creek area.

An anomalous concentration of uranium (0.0l percent) was noted in
one sample collected from the Permian Cutler formation at the Woods
copper mine, and similar anomalies have been reported previously from
some other copper deposits in the areaj in general, however, association
of uranium with copper has not been demonstrated,

The northeast (downthrown) side of the Lisbon Valley fault is com-
plicated structurally by many secendary hinge faults with displacements
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measuring several hundreds of feet. Sandstone and conglomerate of the
Burro Canyon formation and the Dakota sandstone, both of Cretaceous age,
are commonly highly silicified in the Lisbon Valley-West Coyote Wash
area, This silicification appears to be related to the Lisbon Valley
fault, but may also be related to the silicification noted in many
coarse-grained formations near the igneous rocks of South Mountain. The
silicified beds hamper drilling exploration of the more deeply buried
formations and make it difficult to differentiate between the Burro
Canyon formation and the Dakota sandstone.

Preliminary results of geochemical studies undertaken last summer
in the project area indicate that anomalous concentrations of the ore
metals in colluvium overlying high-grade ore are restricted to within
a few inches of the contact and that background concentrations of some
elements in the ore~bearing units vary with the clay (alumina) content.
The geochemical studies are continuinge.

Moab-Inter-river area, Utah, strip mapping, by E. Ne Hinrichs

Project work during the report period consisted mainly of compiling
field data and studying the mineralogy of the ore deposits in the lower
Cane Creek region of the Inter-river area, The following minerals from
mines of this region were identified: carnotite, metatyuyamunite,
andersonite, schroeckingerite, bayleyite, beta~zippeite, uraninite, barite,
and pyrolusite (7).

Circle Cliffs area, Utah,quadrangle mapping, by Ee S, Davidson

Compilation of 0il well data and library research shows that the so-

called Coconino sandstone cropping out in Circle Cliffs may be the White
Rim member of the Cutler formation, as indicated in a report by Robert He
Steed published in the 1954 anmnual guidebook of the Intermountain Association
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of Petroleum Geologists. Field work in the area was resumed May 20,
Abajo Mountains area, Utah dr: e ma by I. J. Witkind

During the report period thin sections representing the dominant
igneous and sedimentary rock types were studied and compared. Much
of the igneous rock is porphyritic in texture, and samples taken from
widely separated localities are unusually uniferm in composition. The
principal igneous rock is a latite porphyry, which lecally coarsens
to become a diorite porphyry., The sedimentary rocks are principally
sandstones and shales that have been metamorphosed into quartzites and
slates near the igneous margins.

The known uranium and vanadium ore deposits are in the Salt Wash
member of the Morrison formation (TEI-4L99,p. 38-39). Only a few
economically significant deposits have been found. Dense foliage and
a thick mantle of colluvium conceal large areas and hinder prospecting.
Sage Plain area, Utah-Colo,, quadrangle mapping, by Lo C. Huff

Near the Rim Rock mine (sec, 27, T. 24 S., R 24 E,) 50 samples were
collected in duplicate so that reproducibility of sampling and analyses
could be evaluated. Radiometric measurements by different operators
furnished similar data in duplicate. The scintillometer measurements
were found to have a high order of reproducibility (table 1) Measure-
ments of total heavy metal content, vanadium content, and radiocactivity
determined with a field scaler have a similar high order of reproducibility.
Uranium analyses were made using a field-type chromatographic methed being
perfected by the Survey's Geochemical Exploration Unit. The uranium
measurements (table 2) and measurements of radieactivity with a geiger
counter are less repreducible than the measurements ef radiecactivity with

& sc¢intillometer,
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A series of samples was collected from all the formations exposed
on the Sage Plain, ranging from the Navajo sandstone of Jurassic age
to the Mancos shale of Cretaceous age, and also from several types of
surface depositse Fifty samples were collected from rocks within 50
feet of a uranium deposit and 50 samples were collected from rocks at
Teast 500 feet or more away from the deposite Seventeen samples taken
near ore contained at least 2 ppm uranium, but all samples collected
500 feet or more from ore contained less than 2 ppm uraniume These data
indicate that the uranium a\nomaly or "halo® in the vicinity of this
deposit is irregular, probably too subtle to be defined by the present
chromatographic method of uranium analysis.

Sixteen of the 50 samples ccllected near ore contained at least 4
ppn uranium., Seven of these 16 samples were taken from mudstone lenses
underlying the ore body. These lenses contained only normal background
radioactivity (about 0.0l mr/hr.) at the outcrop.

Nineteen of the 50 samples collected near ore were from sites that
contained anomalous radicactivity of 0.04 mr/hr. or more at the outcrop.
Of these 19 samples, 10 samples were taken from sandstone units overlying
the ore; but these 10 samples contained less than 2 pmm uranium. Stated
briefly, sandstones overlying the ore are relatively low in uranium but
high in radiocactivity, and mudstones underlying the ore are high in ura-
niwm but low in radiocactivity. This lack of equilibrium between uranium
content and radiocactivity may be the result of recent leaching of uranium
from the sandstones and reprecipitation in the mudstones belows Further
investigation is planned to determine if uranium analysis of mudstones
underlying the ore-bearing sandstone can reveal the presence of unexposed é

uranium deposits. -
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Western Juan Mountains, Colo,, quadr e mappi by Ae L. Bush
During the preceding report period mapping in the Placerville
quadrangle was essentially completed., During the present report period
field maps of the Placerville quadrangle were compiled for eventual
publication in the Mineral Investigations Field Studies series after
some field checking; and library work and the petrographic study of
the rocks in the quadrangle were largely completed, Areal and mine

mapping was resumed early in May,

Photegeologic mapping

by
We Ao Fischer

The photogeologic mapping program is designed to provide regional
geologic maps of specified areas in Utah and Arizona to serve until more
detailed surveys can be made.

During the report period photogeologic maps of 22 quadrangles were
completed, making a total of 263 produced since the program was started
in 1951.

The practice of making photogeologic maps available to the public
through open-filing has been discontinued. A1l new maps are now trans
mitted te AEC as Trace Elements reports and are later published by the
USGS in the Miscellaneous Geologic Investigations Map series. Publication
in this series was initiated to give wider distribution of photogeologic
maps at lower cost than was possible under the open-file systeme During
the report period considerable effort has been devoted to processing not
only current maps, but also maps previously released in epen file, for
publicatione During the six-months peried 57 maps were submitted for
publication, bringing the tetal in that category to 115 Of these, 50
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maps have actually been published.

Most of the quadrangles completed since November 30, 1954 have been
prepared from high-altitude photography in conjunction with the Kelsh
plotters This change in procedure has resulted in increased accuracy
in compilation.

The progress of the photogeologic mapping program is shown on the

index map, figure 6,

Stratigraphic studies
by
Go As Williams

Morrison formation

Field studies of the Morrison formation have been completed except
for spot checking of critical areas. Brief visits in northeastern Utah
and northwestern Colorado show that the Morrison formation can be differ-
entiated only locally into two members. The Salt Wash member can be
distinguished only for short distances along the outcrop where lenticular
sandstone beds of Salt Wash aspect are present in the lower part of the
Morrison. Based on lithologic characteristics, the upper part of the
Morrison near Vernal, Utah, may contain beds equivalent to the Cedar
Mountain formation of Stokes, a unit of Lower Cretaceous age in south-
central Utah.

The first draft of the final report on the petrology of the Morrison
formation is near completion. Two reports resulting from the study of the
Morrison formation are in preparation. The first summarizes and analyzes
the petrologic data collected by the laboratory and applies the results
of this analysis to the interpretation of the geologic history of the

Morrison formation. The second is a report on the sedimentary structures



57

1 EH

e

“»
|~
“,

} ¢
oi" > & &S
¥~ & > &
<« & & 'Qi'. {f'\('tt

.»"“ s ".:.'\ o

¢ ARk b £,
— e s A

ﬁ e A | Boan [, u )
&
| I O il o el 4

>
>
N

I g"; fa‘j\%@{ . &

P

— (g ¥

Hm‘? index map of part of the Colorodo Plateau area, showing location of photogeclogic quadrengle maps completed,

avoliable forpublic Inspection, and published cs of June |, 1988,




58

of the Morrison formation. These reports will be incorporated in the
final comprehensive report.
Triassic and associated formations

Regional stratigraphic studies of Triassic rocks on the Colorado
Plateau have reached a stage where some general conclusions can be made
regarding the distribution, lithology, and origin of the rocks, and the
paleogeology of Triassic timeo. An outline of these conclusions follows:

The Moenkopi formation of Early and Middle (?) Triassic age is
present in outcrops in the western two-thirds of the Colorado Plateau
province, The formation attains a maximum thickness of more than 2,100
feet near Cedar City, Iron County, Utah, but thins eastward to a wedge-
edge along an irregular north-south line near the Utah-Colorado and
Arizona-New Mexivo borderse

The Moenkopi is dominantly a pale reddish brown, horizontally-
laminated and ripple-marked siltstone., Limestone members are present
near the western limit of the Plateau and include the Sinbad limestone
member in central Utah and Virgin limestone and the Timpoweap members
in northwestern Arizona and southwestern Utah, Cross-stratified conglom-
eratic sandstone beds are present in a belt about 30 miles wide near the
eastern limit of the formation.

The Moenkopi formation probably is a tidal flat deposit formed
adjacent to a sea that lay to the west of the Colorado Plateau. The
limestones are marine deposits formed as the sea transgressed eastward
onto the Colorado Plateau region. The sandstone beds near the eastern
margin of the Moenkopi are interpreted to be stream deposits and the
direction of dip of the cross-strata indicate that the streams flowed

dominantly northwest. The source area for the sandstone beds and possibly
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for much of the Moenkopi, as indicated by the presence of conglomerates
as well as by the trend of sedimentary structures, probably lay to the
east of the eastern limit of the Meenkopi.

Upper ‘Triassic formations, which unconformably overlie the Moenkopi
formation, are the Shinarump conglomerate, Chinle formation, and Wingate
sandstone. These formations appear to be conformable and commonly inter-
tongue or intergrade with one another. Deposition was continuous
throughout Upper Triassic time on much of the Colorado Plateau.

Present stratigraphic terminology of the Upper Triassic rocks is
complex and hides some gross stratigraphic relations. In order to indi-
cate major lithologic and genetic differences, the Upper Triassic rocks
can be divided into four units, which here will be called, in ascending
order, units 1, 2, 3, and 4. Distribution of these units is shown in
figure 7. Locally the units can be subdivided, but the lithologic
differences between these subdivisions are minor as compared with the
differences between the four major units, The units are in stratigraphic
sequence in any one area, but a large part of a unit in one area may have
been deposited at the same time as a part of another unit in another
area.

Most of the information on the distribution of these units in
northeastern Arizona and adjoining parts of New Mexico is taken from work
done by J. We Harshbarger and his associates of the Ground Water Division
of the Geological Survey,

Unit 1 is composed of the strata from the base of the Shinarump
conglomerate to the top of the Petrified Forest member of the Chinle for-
mation. It includes the Monitor Butte and Moss Back members of the Chinle

formation and the lower member of the Chinle formation (a member in part
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of northeastern Arizona)s The Petrified Forest member forms the main
mass of unit 1 in most areas.

About 80 to 90 percent of unit 1 is banded red, green, gray, and
purple bentonitic cross-stratified or structureless claystone or clayey
sandstone that weathers as badlands. From 1 to 10 percent of the sand-
stone is orange chert (?), and a small percent is dark green mica (prob-
ably biotite)s The rest of unit 1 is yellowish gray, very fine-grained
to conglomeratic, cross-stratified sandstone that weathers to form ledges.
These sandstcnes include the Shinarump conglomerate, the Moss Back member,
and several sandstone beds in northeastern Arizona that lie a few hundred
feet above the base of the Chinle formation. Unit 1 is more than 1,000
feet thick near its southern margin (a limit of the preservation of
Upper Triassic rocks) and thins along any northeast oriented line to a
wedge~-edge at its northern limit (a limit of deposition).

Unit 1 was probably deposited in a stream and floodplain envirorment.
Studies of the direction of dip of cross-strata indicate that the streams
flowed north and northwest. Volcanic source rocks for most of the material
are indicated by the presence of bentonitic clays throughout the unit and
of pebbles of extrusive igneous rock in some of the sandstone beds in east-
central Arizona., The direction of stream flow suggests a large source
area extending across southern Arizona and New Mexico.

Unit 2 is the Owl Rock member of the Chinle formation or ®diviaion B%
of the Chinle of Gregory. It is composed of reddish siltstone and about
5 to 10 percent greenish gray limestone beds which distinguish the unit
from the underlying and overlying rocks. Intertonguing of this member
with adjacent strata is prominent in many areas. The member is 300 to
400 feet thick in the cenmtral part of its area of deposition. The Owl Rock
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member is interpreted to be chiefly a fresh-water lake deposit and may
have received sediment from several sourcese.

Unit 3 is composed of the Church Rock member of the Chinle formation
in southeastern Utah and the Monument Valley area, Ariz.; undifferentiated
Chinle formation in southwestern Colorado; the Dolores formation in the
San Juan Mountains; and the Rock Point member of the Wingate sandstone in
northeastern Arizona or "division A" of the Chinle of Gregory.

Unit 3 is composed of reddish horizontally-laminated and structure-
less siltstone and minor quantities of pale red, very fine-grained, cross-
stratified sandstone., This unit intertongues and intergrades extensively
with the overlying and underlying rocks. The thickness is generally about
200 to 300 feet, but the unit reaches a thickness of more than 800 feet
in the southern part of the Navajo Indian Reservation and more than 600
feet in part of the San Juan Mountain region,

The siltstone of unit 3 was probably deposited in fresh-water lakes
and the subordinate sandstone by streams. The Uncompahgre highland of
southwestern Colorade may have been the major source of the sediment for
this unit because the unit thins to the west away from the Uncompahgre
highland.

Unit 4 is the Lukachukai member of the Wingate sandstone which forms
the entire Wingate sandstone in southeastern Utah and in the Monument
Valley area, Ariz. The Lukachukai member is composed of very pale orange
and light brown, very fine- to fine-grained well-sorted sandstone, which
is cross-stratified on a large scale. It averages about 300 feet thicke.

The Lukachukai member is interpreted to be an eolian deposit. Studies
of direction of dip of cross-strata indicate that the prevailing winds

blew to the southeasts The source of the sediments is not known.
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Results of a study of the directional tendencies of sedimentary
structures in the rocks of the Colorado Plateau are summarized as follows.
Sedimentary structure studies made in Permian rocks indicate that (1) the
Coconino sandstone had a southerly direction of transport, (2) the Cedar
Mesa sandstone member of the Cutler formation had a southeasterly direction
of transport, and (3) the DeChelly sandstone member of the Cutler formation
was transported southwesterly., The sandstones of the Moenkopi formation,
Shinarump conglomerate, and Moss Back member of the Chinle formation, all
of Triassic age, indicate a northwester.y direction of transport. The
Wingate sandstone of Triassic age and Navajo sandstone of Jurassic and
Jurassic (?) age were transperted southeasterly.

Sedimentary structures are useful in determining depositional
environments and are helpful in stratigraphic correlations they can also
be used in the exploration for uranium and vanadium ore deposits of the
Colorado Plateau, Many ore bodies are localized in channel-filling sand-
stones and tend to be elongate in the direction of transport of the
sandstone, Evaluation of sedimentary structures st the outerop, combined
with information gained from preliminary driliing, may reduce the number
of holes required to locate or to outline an ore body.

Analyses of litholeogy, coler, size, sphericity, and roundness of
pebbles in the Shinarump conglomerate and the Moss Back member of the
Chinle formation were made. The difference in ratio of quartz, quartzite,
and chert pebblesy the distribution of limestone and siltstone pebbles;
and, to a lesser degree, the difference in color serve to distingnisﬁ the
Moss Back from the Shinarump. In areas where the Moss Back and Shinarump
are both present the average ratios of quartz, quartzite; and chert are
respectively about 12337351 for the Moss Back and 8231632 for the Shinarump.
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Limestone and sillstone pebbles are commonly found in the Moss Back,
whereas they are rarely found in the Shinarumpe. The Moss Back contains
more gray to black pebbles and less light colored pebbles, such as red,
orange, and white, than the Shinarump. Size, sphericity, and roundness
of pebbles do not show a significant difference between the two units.

Fossils in selected pebbles from each unit have been identified and
indicate that most of the fossiliferous pebbles in the Moss Back and
Shinarump were derived from rock chiefly of late Paleozoic age and that
the pebbles could have had a common source.

The sedimentary petrology laboratory completed a study on two samples
of the Browns Park formation (late Miocene and early Pliocene) from north-
western Colorade as a service to the reconnaissance resource appraisal
program. A brief summary of the results follows: One sample is from a
low-grade uranium deposit 3 miles west of Lay, Moffat County, Colo.; the
other sample, from a site several miles away, is not associated with
mineralized rock. The sandstone of the Browns Park formation in this
region, as represented by the two samples, is an arkose, Mineral com-
position includes orthoclase, albite, oligoclase, labradorite, quartz,
noselite, biotite, and muscovite, Heavy minerals include clinozoisite,
zoisite, hypersthene, hornblende, garnet, magnetite, and unidentified
opaques, The two samples average 10 percent nesellte, suggesting a highly
alkaline composition for the source rock such as a soda-rich menzenite.

Comparison of the two samples revealed only a few differences., The
mineralized sample has only one-seventh to one-fourteenth as much total
heavy minerals by weight as the urmineralized sample., The suites of heavy
minerals had similar mineral proportions except that the mineralized sample

had only 8 percent as much hornblende and 60 percent as much magnetite as
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the ummineralized sample,

A comparison of the light mineral suites reveals twice as much
noselite (13 percent) in the barren sandstone. Seven percent of the
grains in the mineralized sandstone are coated with an unidentified

brown opaque substance.

Ground~-water studies

by
De A. Jobin

Field work during the report period shows that the rocks of the
Colorado Plateau with appreciable transmissive capacity may be grouped
into two main categories: (1) eolian and marine sandstones and silt-
stones that have relatively uniform thicknesses and permeabilities
over large areas, and (2) fluvial sandstones and conglomerates that
locally are lenticular and exhibit relatively great ranges in thickness
and permeability. The transmissivity of eolian and marine sediments is
relatively high, and fluid movement through them would be relatively
uniform. Generally, higher mean permeability, greater thickness, and
a more uniform gradient in poth permeability and thickness give the eolian
(cf+ Navajo sandstone, fig. 8) and marine sandstones a higher transmissive
capacity than the fluvial sediments (cf, Shinarump conglemerate, fig. ‘9,
and Morrison sandstones, fige 10)« Fluvial rocks consist of one or more
strata of lenticular sandstone or conglomerate that have a large range
in permeability and are separated by relatively impermeable mudstones.

The permeability gradient within a fluvial stratum varies erratically
both vertically and horizentally, but in general high mean permeabilities
correspond with the thicker parts and low mean permeabilities correspond
with the thinner parts.
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The gross lithologic sequence, transmissivity, and distribution of
uranium in the exposed Permian and Mesozoic sedimentary rocks of the
Colorado Plateau are shown in table 3. Although few strata are entirely
devoid of uranium deposits, a large majority of the deposits are con-
fined to essentially two groups of beds: the sandstones of the Morrison
formation, and the Shinarump conglomerate and sandstones and conglomerates
of the lower Chinle formation. The regional distribution of depesits in
both groups of beds appears unrelated to any particular transmissivity
range,

The differences in transmissive characteristics between the Morrison
and Shinarump-Chinle strata, chiefly the high transmissivity and smaller
range in local variation of transmissive capacity in the Morrison strata,
seem to correlate with the greater frequency of occurrence and smaller
range is size of uranium depesits in the Morrison strata. The bulk of
the mined ore and known reserves in the Morrison strata are found in many
widely scattered moderate~sized depositss. The bulk of the mined ore and
known reserves of the Shinarump-Chinle strata are found in a few, widely
scattered, large deposits.

Other litholegic assemblages which contain significant amounts of
uranium are the Mesaverde, Dakota-Burro Canyon-Buckhorn, Cutler, Entrada,
and Todilto-Pony Express units. The first three of these units are
fluvial sandstones and conglomerates, have transmissive characteristics
esgentially similar to the Morrison and Shinarump-Chinle strata, and are
also overlain by relatively nontransmissive units, Although uranium depesits
are widely spaced in these strata they do not approach in either frequency
or size the deposits in the Merrisen or Shinarump strata.
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Table 3, Summary of Lithologic Sequence, Tragsmissivity, and Uranium
;Distribution of the Colorado Plateau

Formations or litho- Intrinsic Disiribution of uranium deposits ¢/
Fystem logic assemblage Transmissiyity
treated as a unit a/ Type by |Relative
. . . - _Mean = Frequency Mode
Mesaverde Moderately 5,5 Moderate Small widely scattered
variable
Creta~ Mancos Uniform 0 [ Infrequent One occurrence, small
ceous Dakota-Burro Camyonq Highly 3.3 Moderate Small, widely scattered
Buckhorn variable
" Conglomerate
! Morrison Uniform 0 Infrequent Associated with sand-
Mudstones stone deposits
-Morrison Highly 3.8 Very high Wide distribution,
Sandstones Variable Large and small
Bluff-Junction Creek Uniform 4,0 Infrequent One occurrence
. [Cow Springs Uniform 4.4 None None
Jl&rassic Bummervilie Uniform 0 Infrequent Small, widely scattered
Todilto-Ponry Express | Uniform 0 Moderate Mediur to largeymost
in one District,
Fracture control
Curtis Uniform 2.0 Irfrequent Two small deposits
Entrada Uniform 3.2 Moderate Small, widely scattered,
Large deposits ip
Three Districts
LCarmel Uniform ¢ Infrequent Smali, oz Dismrict
f@i‘c/\ Navajo Uniform 6.1 Infrequent Two occurrences,
and Jur- Fracture control
jassic (?)
Ilsras—' - | Kayenta Moderately 2.1 Infrequent Small, widely scattered
sic {?) variable
Wingate Uniform 3,3 Infrequent Small, widely scattered
one large deposit at
Temple Mountain, Utah
€hinle (excluding Uniform 0 Infrequent Small, two localities
1riaSsic Basal sandstones)
$hinarump conglomerae Highly 0 High Small, wide distribution
(including basal variable with few widely
Ehinle sgg%tgges! . scatter~d vary large
Moenkopr - ~ Uniform 0 Infrequent Small, widely scattered
V\W Uniform 0 Infrequent Small, e dirwict,
Fracturc. control
Cutler (Undivided) Highly 1,0 Moderate Small, ore district
variable
Permian Coconino-San Andreas} Uniform 4.0 Iafrequen: One occurr.nce in
(and sandstone Coconino, fracture
members of Cutler) contiol
Hermit Shale Uniform 0 Infrequent One occurrence
[Supai Uniform 0 Infrequent One occurrepce, vein type

a/Lithologjc sequence is in chronological order exzept where equivalents are treated as individual anits

b/ Natural Jogarithm of product of arithmetic mean thickness in feet and arithmetic mean pesmeability in Darcys
¢/Finch, W, I,, 1955, Preliminarv geologic map showing the, diswibation ol uraniura dcposis and principal or.-
bearing formptions of the Colorado Plateau Regich, U. S, Getlogical Survey; Mineral Investigations, Field Studies
Map MF 16, Jsachsen, Y, W, Mitclim, T, W,,.and Wood, H. B, 1955, Agg and sedimentary <nvironments of

Granium host rocks, Colorado Platedu, Economit Geology, vdlume 50, paget 127-134,
¢ S u AL pag
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The Entrada sandstone and Todilto limestone constitute opposite
extremes in intrinsic transmissive capacity and the habit and distri-
bution of uranium deposits seem to be controlled to some degree by these
differences. The Entrada deposits are the only known sizable uranium
deposits found in eolian or marine sandstones of the Colorado Plateau.
Most of these deposits are in three districts and in each district the
ore bodies represent locally thickened portions of an essentially con-
tinuous layer. Individual ore bodies are large relative to those in the
Morrison and Shinarump strata, and exhibit most of the same habits, but
on a larger scale and with less distinct boundaries. The Todilto-Pony
Express strata, with no intrinsic transmissive capacity, is also unique
in that it contains nearly all the sizable deposits of uranium found in
limestone on the Colorado Plateau.

In sumary, the contrast in total quantity of uranium, and in
frequency and mode of distribution of uranium deposits between major
intrinsic transmissivity types, is striking. Those strata that vary
greatly in local transmissivity, have a moderate to low regional intrinsic
transmissive capacity, and are overlain by a thick nontransmissive unit,
contain a large majority of the mined ore and known reserves. Strata that
fall into this category have a moderate to high frequency of uranium
occurrence with the distribution of deposits showing no preferred transmis-
sivily range. With the exception of the Entrada sandstone, units with a
uniform intrinsic transmissive capacity, either high or low, contain only
a few small uranium deposits.

The mode of uranium distribution correlates well with intrinsic
transmissive capacity in all uranium-bearing units. Generally, as the

transmissive capacity increases .and the range in local transmissiviﬁy
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decreases, the range in size of deposits decreases.

Botanical studies

Botanical research, by He L. Camnnon

Laboratory studies.--Anglyses of the experimental garden material
were compiled and evaluated during the report period. It was found that
selenium becomes more available to selenium indicator plants in the pres-
ence of carnotite, This obvicusly has a direct bearing on the presence
of such piznts in the vicinity of carnotite deposits.

Laboratory studies were started on the effect of selenium and sulfur
on the solubility of uranium in carnotite and conversely, the effect of
carnotite on the soiubiiity of selenium and sulfur. Results of preliminary
experiments indicate that: (1) the presence of selenium and sulfur causes
the uranium in carnotite to be more soluble at pH 8,0 or more; (2) that
in such a system the selenite and sulfite ions tend to be oxidized to the
selenate and sulfate states.

By arrangement with the U. S. Department of Agriculture Nutrition
Laboratory at Ithaca, New York, plans were made to have the Santa Fe plot
experiments duplicated in the greenhouse. These will be check studies
on the absorption of uranium, vanadium, selenium, sulfur, calcium, phos-
phorous, sodium, and potassium in plants,

Field studies.—-Field studies were started on high altitude Astragalus
species and their relation to selenium, uranium, and equivalent uranium in
the soil. It is planned to study the absorption of radiocactive daughter
products from carnotite ore bodies by plants and to ascertain their effect
on plant growth. An investigation also was started of the variation from

one locality to ancther of the cell sap pH of each indicator plant and the
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pH of the soil in which it grows, in order to determine the relationy if
any, between the cell sap pH and the pH of the soil.
Botanical prospecti Fe Jo Kleinhampl and P. F. Narten

The evaluation of botanical prospecting data obtained during the
previous report period was continued for projects in the Elk Ridge area,
San Juan County, Utah; the Circle Cliffs area, Garfield County, Utahj
the San Rafael Swell area, Emery County, Utah; and in the Grants district,
Valencia and McKinley Counties, N, Mexe.

Abscrber plant anomalies occur along the Shinarump conglomerate in
the southwestern part of Elk Ridge. These anomalies are indicated by
many abnormally high wranium assays from tree samples and are supported
by favorable geologic criteria, such as the presence of thick sandstone,
carbon, pyrite or limonite, and abnormally high radicactivity. Statistical
study of snalyses of 340 branch-tip samples collected on Elk Ridge J.nd.'l.—
cates that 1.0 pmm or more uranium in pinyons and 0.8 pmm or more in
Jjunipers probably indicatesanomalously large amounts of uranium in the
rooting medium. These cutoff values differ only slightly from the cutoff
values adopted in other sampled areas.

An evaluation of botanical prospecting methods in the Circle Cliffs
area showed that sulfur and calcium indicator plants are not useful in
defining uraniferous ground along the ore zone at the contact of the
Moenkopi formation and Shinarump conglomerate. Stanleya pinnata, a weak
selenium and sulfur indicator, and Astragalus pattersoni, a selenium
indicator, however, can be used to define approximately the favorable area
within which ore deposits may occur., Astragalus pattersoni is relatively
rare in the area and consequently is not se useful as Stanleya pinnata. The

absorber plant method appears to be useful in those parts of the Circle
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Cliffs area where pinyons and junipers grow on Shinarump conglomerate
from 1 to about 70 feet above uraniferous ground.

In the San Rafael Swell area neither the indicator nor the absorber
plant method of prospecting appears to be widely useful., Evaluation of

botanical prospecting methods in the Grants district is in progress.

Mineralogic studies

Ore mineralogy, by T, Botinelly

Mineralogic work during the report period was concentrated on a
study of two mines in the Uravan mineral belt: the JJ mine at the north
end of the Jo Dandy group and the Peanut mine in Bull Canyone.

Studies of oxidation zoning in these mines show that a thin and
irregular intermediate zone exists between oxidized and unoxidized ore.
The base of this zone is generally at the top of the water table, but it
extends downward where fractures or fracture zones have acted as conduits
for oxidizing ground waters. The top of the zone is irregular and shows
no obvious relations to any geologic features except for a rough parallelism
to the water table. Residual pockets of only partly oxidized ore are
found in oxidized ore associated with carbonaceous material and impermeable
clay lenses. Rare vanadium minerals have been found in the intermediate
zone and probably represent transitory phases in the oxidation of vanadium.

Study of the textural relations between low-valent uranium and
vanadium minerals in polished sections has continued, but no definite con-
clusions have been reached on the relative times of depositicr of the two
elements,

Sulfide minerals found associated with unoxidized ore are pyrite,

marcasite, digenite, chalcocite, chalcopyrite, sphalerite, galena, bornite,
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clausthalite, and molybdenite, The presence of marcasite and molybdenite
18" especially interesting in that marcasite converts to pyrite at about
450° Co and molybdenite forms about 500° C. in hydrothermal deposits
(Edwards, Textures of ore minerals: Australian Institute of Mining and
Metallurgy, Melbourne, 185 p., 1947). The digenite-chalcocite relations

B ?-,
are being studied to obtain information on temperature of deposition. -

Clay mineralogy, by Wo D, Keller and L, Go Schultz

X-ray spectrometer studies have been made of 14/, samples of Triassic
clays, Preliminary results indicate that the clays are predominantly
i111itic with lesser amounts of kaoclinite, chlorite, and mixed-layer clayse
The lower part of the Chinle is characterized by montmorillonite-rich
mixed-layer clays. Kaolinite was found to be the dominant clay mineral
in a few samples of claystone taken from below the Moss Back member of
the Chinle formation,

The preliminary results indicate that the sample disiribution is
adequate to detect regional variations in clay minerals in the Triassic
formations, X-ray studies will be continued on the remainder of the
sampless

Analyses of paired samples of red and green clay indicate that
both types of clay have the same gross mineralogy. The color change
appears to be a result of an alteration process which bleached iron
oxide contained in the clay but did not alter the c¢lay minerals and
the micas, Similar effects have been noted in paired samples of purple
and white clays. The evidence suggests that solutions, possibly carry-
ing the ore metals, were able to bleach.the iron oxides in the clays
but were unable to alter the clay minerals., Detailed work on lattice

structures and substitutions in the clay minerals is now in progress.
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Distribution of elements, by E. M, Shoemaker

Mathematical treatment of semiquantitative spectrographic analyses.—-

Ten replicate semiquantitative spectrographic analyses of each of three

samples were made by Re Go Havens, of the Denver spectrographic laboratory,
for the purpose of determining the precision of the spectrographic analyses
used in the distribution of elements investigation. The following expres-
sion was derived to express the frequency of misses in placing an element

in the modal class or subgroup in terms of the log standard deviation from
the geometric mean where the analytical Merror® or deviation from the geo-

metric mean is log~normally distributed.

1 o0

t = o [ fe 55 dxdx

f= frequenc;;' of misses

& = log standard deviation

x = log of fraction of class interval or subgroup
By integration between the limits O to 1, f reduces to a function of G .
Graphical solution of this equation gives values for ¢ from the frequency
of misses that are nearly identical with values for ¢ derived by con~
ventional equations for the standard deviation. The distribution of
deviation from the mean in 630 individual determinations of elements was
found to be almost exactly log-normal., The average log standard deviation
from the mean for 21 elements present in concentrations above the spectro-
graphic limit of sensitivity was found to be 0.041. This is probably a
minimum value, but it is much lower than the log standard deviations of
the elements in Colorado Plateau sedimentary rocks and uranium ores which
range from 0.28 to 0.8. The correction for the precision of analysis in

the statistical parameters of element distribution will be small.
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Spectregraphic analyses fer uranium, vanadium, and calcium were
compared with chemical analyses te evaluate accuracy of the spectre-
graphic analyses obtained fer the distribution of elements investigatien.
The abselute precision of the spectregraphic analyses is a linear function
of the concentration between the lower and upper limits of sensitivity.
The linear correlation coefficient (after log transformatien) between
spectregraphic and chemical analyses for the samples studied was feund
te be 4 0.89 for uranium, 40.92 fer vanadium, and 40.67 for calciume The
following regression equations of chemical results as a functien of

spectregraphic results were obtained:

Regression equation Log_standard errer
U u 0.97
chem = 0.88 spec 00196
v 0.84
chem = 1.50 v spec 0.207
0.74
Ca chem = 0.79%@ spec 0,311

The agreement ef spectregraphic with chemical analyses fer uranium is
excellent. Wet chemical analyses for vanadium are systematically about
50 percent greater than the spectregraphic results. Further research by
A. T. Myers indicates that part ef this difference is due te errer of the
spectregraphic determinatiens. The cemparatively poor cerrelatien and
high leg standard error obtained fer calcium are dus mainly te two widely
descrepant pairs ef analyses.

Sedimentary recks.--Compilatien of published and unpublished strati-
graphic sectiens on the Coleorade Plateau and preparatien ef isepach maps
has made it possible to estimate relative amounts of different reck types
in fermatiens ef Paleozoic and Mesozoic age. Two averages of the chemical
cempesition of sandstene on the Coleorade Plateau have been calculated
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(table 4) 3 one is a geometric mean of the geometric means for sandstone
from each major formation from Cambrian through Cretaceous, and the other
an arithmetic mean of the geometric means for sandstone from the Permian
Cutler formation to the Cretaceous Dakota sandstone weighted according
to the volume of sandstone. The first average is an estimate of the
most probable composition of a sample collected randomly from a randomly
selected formation. From the second average the estimated true weighted
arithmetic mean composition of all sandstone from the Cutler formation
to the Dakota sandstone can be obtained by multiplying the mean for each
element by a factor derived from the log variance of each element, a
factor which for most elements is close to two.

Ore deposits.~-The correlation of elements, one with another, in the
uranium deposits of the Morrison formation has been studied and compai‘ed
with the correlations found for the elements in the wmineralized sand-
stones of the Salt Wash member of the Morrison formation. Linear cor-
relation coefficients, calculated after log transformation, for all pairs
of elements generally found in amounts above the spectrographic limit of
sensitivity are given in chart form in figure 11l. One ¢f the most note-
worthy features of the correlation of elements in both the ores and in
the urmineralized sandstones is that all linear correlations that are
significant at the 99 percent level of confidence are positive. The lack
of significant negative correlations may prove to be a key factor in
evaluating the geochemical envirorment of the ores and the sandstone host
rocks.

The second most outstanding feature of the correlation of the elements
is the comparatively high correlation with alumimm of most elements in

the oreé and the significant correlation with alumimm of most of the
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CORRELATION OF ELEMENTS IN URANIUM DEPOSITS

V [Ni|Cu|Pb[Mo|Cr| Y |Ti [Zr| B [Mn|Ba|Sr | K |Na|Ca[Mg|Fe|AIl |U
V |V |[+07[+231+35 |[+07H.22[+.26 [+15 [+.37 .27 [+.07H.34+.34[+.15 [+.09]+03[+3c |+.28[+50 |+.32
Ni Ni |+o08[+14 [+4a9]+.10 [+.27[+14|+.08+.12 | .00|+.02 +08 [+03 |+05|-.04|-.06[+37 |+.11 [+.I10
Cu|+os Gu |+56|+.16 [+.30[+04{+.27|+29 |+.23|+.26|+.15 [+31 |+ 27]+26|+32|+.36]+07}+36|-04
Pb Pb +.14 [+331+.07{+.2) [+.25|+.15 [+26]+14 |+23|+29|+21 [+ 23 |+39]|+25|+49 |+ I
Mo Mo |+25[+24|+.04[+.22/-.09| .00[+.01 |+.13|+.14 |+.10|+.04| .00{+.34|~.13 | +.0¢}
Cr |+38 .00 Cr |+.i2 [+.22]+.20|+.32 |[+.21|+.20{ +.25|+.38 {+.21 |+.20{+.27|+.20| +.36|+.10
Y Y |+25/+.39|+.39|+.05[+.25 |+.11 [+.08+.15|~04]+.11 |+31 ]+ 22]+.18
Ti |+17 +28 +.21 Ti [+.491|+22|+37{+.26|+34|+.44|+39 [+35]+ 25|+.17|+50]+.19
Zr |+28 +.01 +42 +50| Zr [+2614+35|+.25|+.14 |+.19 |[+.43]+.39 | +.38|+31 |-+46|+.15
B B [+to}+.21|+17|+28]+21 [+.13|+23|+16 |+.35]+.11
Mn|+t6 +22 +.24 +02{-05 Mn|+.19 |+.28]+.37|+.56|+.75 | +30[+.20|+47|-09
Baj+.n -08 +.20 +.08[+.16 -03|Ba [+.37]+27}+.19|+.11 |[+.15|+.15 [+.28 | +05
Sr |-.04| +.39 +.15 +.31{+05 +34[+34 |Gy |+42[+26[+.36 [+19 [+10 [+40[+.10
K K |+34}+45]+22|+.02{+45{+06
Nal+od |-22 +26|  [+35]+14 +47|-09 |+31 Na |+56|+.45]+37|+.47]+08
Cal+os +26 +22 =12|~12 +.83|-.05 [+ 41 +.39| Gqlt48|+.12{+46]-.14
Mgl+30f  |+20 +.16 +09+.14 +.22|+.191407|  |+19 |+.17|Mg|+34|+58[+.11
Fe|+20 +32 +.29 +.30+.20 +21|+.19 | +.16 +27|+.05+.44| Fe [+30]+.23
Al |+24 +35 +25 +.60/+.40 +.12 |+.23]+.24 +30|+.04}+16 |+.48] Al |+14
U U

CORRELATION OF ELEMENTS IN URANIUM DEPOSITS

CORRELATION OF ELEMENTS IN UNMINERALIZED SANDSTONES

NUMBERS ARE LINEAR CORRELATION COEFFICIENTS CALCULATED AFTER LOG TRANSFORMATION

LOWEST SIGNIFICANT VALUE AT 99 PERCENT CONFIDENCE 1S 0.19 FOR
CORRELATION OF ELEMENTS IN URANIUM DEPOSITS AND 0,26 FOR
CORRELATION OF ELEMENTS IN UNMINERAL)ZED SANDSTONES

Figurell,

CORRELATION OF ELEMEXTS IN UNMINERALIZED SANDSTONES AKD IN
URANIUM ORE DEPOSITS FROM THE SALT WASH MEMBER

OF THE MORRISON FORMATION
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Table 4. Average content of spectrographically detectable
elements in Paleozoic and Mesozoic sandstones
of the Colorado Plateau

Element Average 1/ sandstone Weighted 2/ average
(by formation) sandstone
e pe
si >100, 000 100,000
Al 10,000 12,600
Fe 3,700 5,000
Mg 2,700 4,500
Ca 12,000 15,800
Na 690 2,200
K 4,300 8,500
Ti 580 690
Zr a8 110
Mn 140 230
Ba 280 370
Sr L5 83
B 16 21
v 11 15
Cr 7 1
Co 1 1
Ni 2 3
Cu 9 11
Y I3 5

1/ Geometric mean of geometric means for sandstones of the principal
formations from Cambrian through Cretaceous.

2/ Arithmetic mean of geometric means for sandstones of the Permian
Cutler formation through the Dakota sandstone weighted according
to the volume of the sandstone.
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elements in the urmineralized sandstones. Alumimm is probably contained
chiefly in feldspar and interstitial clay in the urmineralized sandstones
and in interstitial clay, clay pebbles, and clay seams in the ores.
Probably many of the intrinsic elements in the sandstones and ores are
largely contained in the clay minerals or in finely comminuted detrital
minerals and soluble carbonate minerals associated with the clay.

The ratio of average concentration of elements in the uranium deposits
of the Morrison formation to the average concentration in the urmineralized
Salt Wash sandstones in given in table 5. It may be seen from the table
that two elements which have a high correlation with aluminum in both ores
and sandstones, titanium and zirconium, show about a two-fold increase
in the ores over the sandstones, as does alumimm. Most other intrinsic
elements that correlate with aluminum show comparable increases excepb
potassium and the elements contained largely m carbonates: calcium, sodium,
and manganese, This increase is believed to be due to a higher initial
content of clay size components in the rocks that were mineralized with
uraniume

The intercorrelation of elements shown in figure 11 also serves to
differentiate the spectrographically detectable extrinsic accessory elements
of the Morrison uranium deposits into two distinet.groups; the copper-lead
group, and the nickel-cobalt-molybdenum~yttrium group. The copper-lead
group, which also includes zinc and silver where these elements are present
as extrinsic components of the ores, correlates significantly with aluminum,
whereas the nickel-cobalt-molybdenum~yttrium group correlates with iron.

The copper-lead group has a regional pattern of distribution that includes
an area of predominantly high values partially coincident with the region
of salt structures (Distribution of elements, Shoemaker, E. M., in TEI-490),
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Table 5. Ratio of concentration of elements in uranium deposits in
the Morrison formation to average concentration in ummineralized
sandstones of the Salt Wash member of the Morrison formation

Element Concentration ratio
( Calcium 0.59
( Sodium 1,0
( Potassium 1.0
( Manganese l.h
( silver 1.8
( Boron 1.9
DOMINANTLY - ( Titaniuwm 2.0
INTRINSIC - ( Aluminmm 21
ELEMENTS ( Zinc 2.2
( Zirconium 2.3
( Strontium 2.5
( Chromium 2.6
( Magnesium 3.0
( Iron 3.7
( Copper 6.6
( Yttrium 8
{ Selenium S1
DOMINANTLY ( Arsenic pak:;
EXTRINSIC - ( Molybdenum A9
ELEMENTS { Nickel L0
( Cobalt 50
( Lead >88
( Vanadium 493
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and the nickel-cobalt-molybdemm-yttrium group generally tends to be
higher in an area northwest of the Colorado River.

Igneous rocks.--The association of uranium deposits with alkaline
basalts in diatremes in the south-central part of the Colorado Plateau
makes the composition of all types of basaltic rocks on the Colorado
Plateau of special interest. In table 6 the average minor-element con-
tent of Colorado Plateau olivine basalts is compared with published data
on the content of minor elements in other basalts fram widely separated
parts of the world. Most of the spectrographically detectable minor
elements in Colorado Plateau olivine basalts fall within or close to the
range of concentration in these other basalts. Barium is the only element
whose concentration may distinctly characterize the Colorado Plateau
olivine basaltsj barium content is distinctly high in those rocks.

The average content of spectrographically detectable elements in
each of the three major types of alkaline basaltic rocks on the Colorado
Plateau is given in table 7, together with the average content in olivine
basalt from the Plateau for comparison. All three groups of alkaline
basaltic rocks have distinctly high concentrations of niobium and lanthamm,
and the probability is good that they are richer than clivine basalt in
othsr cerimn-graup‘rara earths, in addition to lanthanum. The analcite
diabases and minettes both centain higher concentrations of barium than the
olivine basalts, and some monchiquites are characterized by higher con-
centrations of zirconium. Minette is also distinétively high in potassium,
strontium, beryllium, lead, and boron. All three main groups of alkaline
basaltic rocks are lower than average Colorado Plateau olivine basalt in
Wim, cobalt, and cepper.
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Table 6. Minor element content of basalts from the Colorado Plateau,

Ontario, Ireland, Greenland, Hawaiian Islands, Union of South Africa,

QIR ERR

and Michigan
2 3 &
g $8 8
| %4 [3]
P B g >4 §nd
3 5 8 5 g 43 Jis o 8 _é
D+ § EHE 8 -+ g 8 o998 o E-p
%d% 39; B pdd © = phg 758 §dy
@ (33 3] o] o [3] [ RS © %y ]
ofg ofk 4 L4 RER N dow g8y pdy
45 -go_s rgoo ggg Lo bo'Bl _§ © Tg '8g 5.9
g Eff EOf B8 578 §aE 348 888 288 Peg
=K e 2 e o] o [ A ot K] £ o
S 34% 94% 3% b4y 33é 223 ggé §§§ igk
4 % 4 % 4
Ti 3 9 1.0 ——— . 70 ————— —— . 50 . 55 - m——
Zr [ 015 ) 015 ) OJ.O . 018 L'y 005 ] 010 ————— —— ———
Mh. 022 021}- - 0138 008 -——— 005 .17 ———
Ba' '05 007 0028 0031 QW;.B 0012 0018 .018 -
&' L] 08 Y CB . 03 . 068 -035 0080 o—— — ——
pm ppu pm pm pp pp pp ppu g
Sc 30 30 "37 19 12 10 10 26 —
v 200 220 220 630 140 300 300 270 —
Cr 280 310 220 1600 170 LT0 L10 270 —
Co 50 50 39 140 53 33 28 28 L2
Ni 260 300 110 900 170 80 80 70 175
Cu 220 270 72 L00 130 170 160 80 105
Ga 15 15 17 33 17 23 22 2% -
Y 22 2L — 50 — 23 — — —
Ag <1 G A2 — {1 _— — _— -
Ia <50 450 15 — — — — — —
Pb Qo <10 8.7 (20 Q10 — — — &%
1/

Estimated true arithmetic mean computed from Sichelts (1952) solution
for the likelihood equation.

Fairbairn, Arhens, and Gorfinkle (1953, p. 43-46).
Patterson (1952, p. 291, table 4).

Wager and Mitchell (1951, table 10).

Wager and Mitchell (1953, p, 220, table 2).
Walker and Poldervaart (1949, p. 644, table 14).

Sandell and Goldich (1943, p. 103, table 2).
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Table 7. Geometric mean cemposition of Colorado Plateau basaltic
rocks calculated from spectrographic analyses

Element Colorado Plateau San Rafael Swell Nava jo-Hopi Navajo-Hepi
olivine basalt anglcite diabase region region
13 samples 8 samples monchiquite group minette group
39 samples 213 samples
percent percent percepr* percent
Fe 9 7 3.9
Mg 1L 9 4.8
Na 1.6 ledy 1.2
K <9 7 5.4
Ti .9 ok 1.3 .61
Zr +015 015 022 015
Mn 22 «10 o1l 069
Ba .05 .15 .08 15
Sl‘ 008 007 008 015
ppa rm ppa Ppa
Be <1 21 <1l 2.1
B <10 <10 <10 1
Sc 30 30 30 1L
v 200 150 150 80
Cr 280 150 150 250
Co 50 30 34 25
Ni 260 150 160 220
Cu 220 80 140 62
Ga 15 15 12 64
Y 22 15 19 16
Nb <5 12 31 12
La <50 70 80 140
Ce <100 <70 120 310
Nd <50 <70 140 97
b 2.6 1.5 1.7 1.6
Pb <10 <9 <10 22
Percent
I‘idio— 0. 0005 0.%19 000012 Oom
activity
(arithmetic

mean)
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The Colorado Plateau alkaline basaltic rocks are all more radio-
active than Colorado Plateau olivine basalts and probably than average
Plateau basalts. The higher radiocactivity is due principally to higher
concentrations of both uranium and thorium (table 8).

Some of the intrusions containing alkaline basaltic rocks are
composites dikes or sills of alkaline basalt or diabase enclose pods,
stringers, dikes, or sills of alkaline syenite. The fractionation of
elements betwsen the basaltic and syenitic facies of the composite
intrusions is shown in figure 12 together with the fractionation between
a Scottish tholeiite and its glassy groundmass for purposes of comparison.
The relation of the differentiation in the cempesite intrusions ef the
Colorado Plateau and in the Scottish tholeiite to the liquid differentiation
sequ:nce of the Skaergaard intrusion, Greenland, is shown in figure 13,

The ranges of differentiation in the Colorado Plateau intrusions and in the
Scottish tholeiite are approximately equivalent to complementary parts

of the Skaergasrd liquid line of descent. Rare earths are much more con-
centrated in the alkaiine rocks from the Colorado Plateau than in the
Scottish tholeiite or Skaergasrd liquid and tend te be enriched in the
syenitic differentiates., The syenitic differentiates also tend to be more
radioactive than the basaltic rocks enclosing them, and uranium and thorium
are probably enriched in the syenites during ;nm;tic fractionation.
Mineralogy of uranium in sandstone-t deposits Alice D. Weeks

Studies of roscoelite, chlorite, and other vanadium silicates in the
Colorado Plateau ores were continued during this report period. New eccur-
rences of native selenium were found at Slickrock, Colorade, Thompsons,
Utah, and Wind River Basin, Wyoming. Chemical analyses of synthetic sedium
vanadate and naturally occurring sodium analogue of hewettite gave the
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formula NagVg0y4.3H30. This new mineral is named Barnesite, after William
Ho. Barnes, Ottawa, Canada.

Work was in progress on studies of five new minerals: (1) vanadium
oxide VO(OH), (2) calcium tetravanadite CaVj0g.5H20, (3) a tetragonal
vanadium mineral not yet analyzed chemically, (4) an iron vanadyl vanadate,
and (5) possible calcium selenate.

Seven pyrite samples from Wyoming were analyzed chemically for selenium
and spectrographically for other elements. The Ni/Co ratios showed no
variation ir relabionship to the association with uranium as they do on
the Colorado Plateau. A pure pyrite from the Wind River Basin, Wyoming,
shows 1.5 percent selenium; this is the highest selenium content yet recorded
for pyrite in the sandstone-type uranium depositse.

Uranium mineral exhibits were prepared for the Annual meeting of
American Associgtion of Petroleum Geologists in New York, N. Y., and for
& special exhibit in Glendive, Montana, in March 1955,

"Rabbittite, a new uradyl carbonate from Utah", by Thompson, Weeks,
and Sherwood, and "Navajoite, a new vanadium exide from' Arizona", by Weeks,
Thompson, and Sherwood were publighed in the March-April igsue of American
Mineralogist.

WAbernathyite, a new uranium mineral of the metatorbernite group®, by
Thompson, Ingram, and Gross, and "™New occurrences of native selenium, by
Thompson, Braddock, and Reach were accepted for publication in the American
Mineralegist.,.

A compilation of types of ore in the major mines in each district of
the Colorado Plateau was prepared and revised.
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Geophysical investigations

District studies, by R. A. Black

The seismic refraction studies in Oljeto Wash, Monument Valley, Arizena
were continued through this report period. These studies were made to
further refine the seismic refraction methods previously used in the Momu-
ment Valley area, and to determine if the seismic refraction method could
be successfully used to map the Shinarump-Moenkopi contact through Chinle
overburden, Reconnaissance and detailed seismic refraction surveys were
also made in the Oljeto Wash area to delineate buried channels for future
exploration.

Recermaissance seismic prefiles were shot along parallel lines one
miie apart. The detailed seiamic megsurements were made by continuous
profiling with reversed shots en parallel traverses 500 feet apart. The
shot points were cammonly 500 feet apart along the traverse lines, and air
shooting was extensively used. Detailed seiamic work has been done in an
area of approximately 10 square miles, and these data are presently being
compiled and interpreted.

The results of the Oljeto Wash and other Momment Valley seismic
refraction measurements clearly indicate that buried Shinarump channels
can be located with the refraction seismograph in areas where there is no
Chinle overburden. On small mesas, where channel cross sections are
revealed in rim exposures, wagon drilling is probably the most economical
means of tracing the channels and prespecting for uraniwm deposits. In the
interior of large Shinarump capped mesas, and in the large areas in Monument
Valley where the Shinarump is buried by sand, the refraction seismograph
can be econamically used to delineate channel trends and thus guide drilling

for uranium deposits.
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The standard textbook methods of interpreting seismic refraction
data based on the critical distance and time intercept formulae have
often been found to yield misleading results when the seismic profiles
cross channel structures. A modification of a procedure of interpretation
suggested by A. J. Barthelmes (Geophysics, v. 11, 1946, p. 24-42) for
computing the depth times has proved to be the most reliable method of
interpreting the Mormument Valley seismic data. Delay time analysis will
often detect channel structures that would not be revealed by conventional
methods of interpretation. ‘

The problem of mapping the contact of the Shinarump and Moenkopi
formations through Chiinle overburden has not as yet been resolved, but
in one Chinle-covered area the delay time method of analysis has proved
successful in delineating the presence of a buried Shinarump channel.
Abselute depth determinations could not be made, but the relative topography
of the Shinarump-Moerkopi contact was correctly determined. This single
example, though not conclusive, is encouraging.

The electric logging program was recessed during the winter months
and one of the multiple electrode logging units was returned to the Well
Instrument Developing Company for repair and modification. The neoprene
logging cable was replaced with an armored cable which is stronger, smaller
in diameter, and has much lower leakage characteristics. The electric
logging sonde was modified to permit field stripping in case of damage or
leakage, as well as making it simpler to change logging configurations.
Electric logging was resumed in May 1955 to continue the compilation of
electric log data on the Colorado Plateau uranium-bearing fermations.

In May 1955 shallow seismic reflection measurements were resumed at

Deer Flat, Utah. Mere detailed experimental measurements are being made
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in this area with multiple geophones in an attempt to obtain higher
quality reflections. The applicability of shallow seismic reflection
techniques to uranium exploration is yet to be determined.
Regional studies, by H. R. Joesting, P. E. Byerly, D, F. Flouff
Regional geophysical studies of the Colorado Plateau, started in
July 1953, involve the systematic collection of magnetic, gravimetrie,
geothermal, and subsurface geologic data, and analysis of these data
in terms of regional structural trends, basement topography and com-
position of intrusive rocks. An attempt will be made subsequently to
determine if the major geologic features thus defined are related to
the occurrence and distribution of uranium and associated elements.

Aeromagnetic surveys and related investigation.--Aeromagnetic
surveys of about 20,000 square miles of the Colorado Plateau were com-

pleted late in 1954. During the past six months preliminary aeromagnetic
maps of the Upheaval Dome and Boundary Butte areas in Utah were prepared
and maps of most of the southern part of the region were brought to
various stages of completion.

Magnetic susceptibilities of about 270 specimens representative
of Precambrian crystalline recks and of younger intrusive and extrusive
rocks of the PFlateau were measured. Remanent magnetizations of about
55 eriented specimens of diorite porphyry and related intrusive rocks
from the La Sal and Henry Mountains were determined. These measurements
will aid in evaluating magnetic survey data.

Gravity surveys.--Preliminary regional surveys were made in the White
Canyon area, Utah, and Carrizo Mountains area, Arizona; and a fill-in gur-
vey was cempleted in Monument Valley. A gravity base line was extended
from a base station in Blanding, Utah, to Hite via White Canyon, thence
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to Hanksville and the San Rafael Swell and thence to a base station
at Green River, Utah, Closing errors of all base lines have been
well below the maximum permissible error.

About 2,040 gravity stations have been established to date, in
an area totaling about 4,000 square miles. About 240 stations were
established during the past winter. All stations are referred
through base lines to the U. S. Coast and Geodetic pendulum station
at Egnar, Colorado.

Bouguer anomaly gravity maps of the Uravan and Inter-river areas
were completed, and a preliminary gravity map was completed of the
Monument Valley area.

Geothermal measurements.--Through the cooperation of the AEC it

was possible to measure detailed thermal profiles in three deep diamond
drill holes in the Temple Mountain area, Utah. Cores for thermal
conductivity measurements were also made available. Several months
were required for the first hole to regain thermal equilibrium after
drilling. The other two holes have not yet reached equilibrium.

Analysis of results.--Analysis of the magnetic, gravity and

available subsurface information on the Uravan area, Colorado has been
completed and a report for publication is in preparation.

The gravity map of the Inter-river area shows large negative
anomalies along the Moab fault, and along the Moab and Cane Creek anti-
clines in the northern part of the area. These structures were formed
by imtrusién and thickening of salt in the underlying salt formation.

South of the Cane Creek anticline the salt thins considerably,
according to gravity data, and reaches a minimum thickness along a zone

which extends southeast from Upheaval Dome toward the Rustler Dome near
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the Colorade River. The positive gravity anomalies along this zone
seem to be related predominantly to basement or intrusive igneous
rocks rather than to salt.

On the basis of available geophysical evidence it is believed
that Upheaval Dome, a amall structural deme in the southern part of
the Inter-river area, was formed by a small igneous plug. However,
the area is apparently also underlain at greater depth by a much
larger rock mass which is relatively dense and magnetic. This rock
mass is much too broad to be directly related to the structure of
Upheavsl Dome; in fact, it is not related to any apiaarent structural
features in the sedimentary rocks. The source of the large gravity
and magnetic highs is therefore believed to be basin differentiates
of the Precambrian rocks or younger igneous rocks that did not intrude
the overlying sediments, More detailed analysis awaits completion
of the aeromagnetic map of the Inter-river area.

In Monument Valley, the area covered to date by regional gravity
surveys includes most of the eighteen 7-1/2 minute quadrangles along
both sides of the Utah-Arizona border and between Garnet Ridge on the
east and Nokai syncline on the west, Control of the g'ra.vity lies
predominantly in the structure and composition of the basement rocks,
vwhich in turn seem to exert important control over the major structural
features in the overlying sedimentary rocks. The Comb Ridge monocline,
for example, is reflected in considerable detail by a gravity 'menoclinet;
and other folds are reflected in somewhat lesser detail by corresponding
gravity anomalies. In addition, several bread non-linear anomalies are
not related to structure; their source is probably in relatively dense

facies of the basement rock.
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The Tertiary igneous intrusive rocks in the area have no
apparent effect on the regional giavity.

More complete analysis of the Monument Valley area will be
made on cempletion of the aeromagnetic and gravity maps.

A preliminary gravity map of Beclabito Dome, on the east flank
of the Carrizo Mountains, shows a gravity high about one-half mile
east of the center of the Dome. A well had previously been drilled
to Cambrian rocks te a depth of 6,000 feet without entering igneous
rocks. The available gravity data suggest a relatively dense plug
a short distance east of the well.

Criginal-state core studies
Ge E?yManger

During the past half year further analysis was made of the data
supplied by the U. S. Bureau of Mines and of bore hole gamma-ray and
electric logs in relation to core properties.

Table 9 shows the relationships of average values of water con-
tent, permeability, soluble solids content, radicactivity, and uranium
content in Long Park and Bitter Creek, Montrose County, Colorado.
Figure 14 is a graphic presentation of the water content and permeabi-
lity relationships in these areas. Most of the data of table 9 and
figure 14 was supplied by the San Francisco office of the U, S. Bureau
of Mines. The data are representative of the ore-bearing sandstone
which lies at the top of the Salt Wash member of the Morrison formation,
and apply to both carnotite terrane in Long Park and %blue-black®™ ore
terrane in Bitter Creek. Drill hole LP-531 is 1,680 feet S 740 E from

drill holes LP-530 and LP-530 A; drill hole BCX-2 is 160 feet N 70° W
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from drill hole BCX-l. On the pasis of the permeability and amount

of water in the pore space, the ore-bearing sandstone is divisible

into several zones, A, B, C, and D, which are significantly related

to the position of the ore zone, both in the higher permeable drill
holes in carnotite terrane in Long Park, and in drill holes of very

low permeability in "blue-black™ ore terrane in Bitter Creek. The
notable features of these relationships in Long Park and.Bitter Creek
are: (1) the occurrence of the "knee® (zone B) in the ore-bearing
drill holes just above the ore zone, where both the average permeability
and pore water content increase over the average permeability and

pore water content of zone A, and the poor development or absence of
zone B in the poorly mineralized drill holes; (2) the further increase
in pere water centent but decrease of permegbility in ore zone C;

(3) the appreciable pore water content and permeability in zone D under-
lying the ore in contrast to the low pore water content accompanying
appreciable permeability in zone D underlying the essentially barren
equivalent of the ore gzone; (4) the presence of claystone beds indicated
by intervals of much lower permeability in zone D in the essentially
barren drill holes below the correlated level of the ore; (5) the overall
similarity of the pore water-permeability patterns in the Long Park and
Bitter Creek drill holes although the permeability in the Long Park
drill holes is vastly greater.

Figures 15 and 16 show the relationships between bore hole radio-
activity and bore hole resistivity for the same drill holes shewn in
figure 14, except that drill hole LP-530 is represented by a 10-foot
offgset drill hole LP-530 A. (Equal depths in LP-530 and LP-530 A are
stratigraphically identical.) The notable features of these relationships



000°0L7¢T LET 6° L, 6722 6 T6Z-00°692

000°L2E §90°0 g6 le 2Lk TG L9R-bLULSE
0004055 T 262 2oy Treor  bLelSe-LElEZ
poutmIorep GoN 7 (4T ‘4 002) 000°05€ 080°0 §2 €T 9S°T  LE°LEZ-TB°SEC O
quesqy g
000692 150°0 829 LT°E€T  T8°S€2-19°TR
/e 000085 ‘€ 66T 79°€ ST°LT  %9*2ee-6%°502 ¥

pezTTeIouTw AT200d ‘TEG~dT oToY TTTId d-T

00Té€8 6L £1°62 Leee  gleere-gtesle @
w (1€6%0)2h°0 (s€6°0)*186 006 ‘6" LT 6€° 9" 06°z  9fesle-95°skE D
000°96 (A% L8t 95°C  95°SLZ-00°tlz €
[Z "ATE 000 “76. 99¢ £8°L €lo9z  oo°tle-leTge ¥
Sutaesq-edo ‘0gG-dT oToY TTiaa @ - I
sueaIe] 94TI0UTRD ‘®oge aeqd BuoT T
ueoaed PUNOID0Bq T/9a UsoIed
aA0q®e ¢19q8M aaod 88 TOJBPTITITH ‘eoeds axod 9983 1983
aqnuTu 01 ut fssew{OTY], fTeaxsqut
¢ TeoTwOYO Jed squmoo vocMMme ‘ate ALap Jumoure oToYy TITJJ  SweN
n A9TATIOROTP®RY seTqnTos AqTTTgRemIog ToTEN \.mmnow
*OpBIOTO)

¢£9umon eSOJJUOH €IOTJIISTP URABJ ‘SBoJe Nooa) J939Td pu®B jaed Suo] ‘UOTJBULIO UOSTIION JO JOqUeW USBM 3TBS oyl
JO 9TuUm ouoqspues ,IUTIBOq~8J0, SYY UT SoToY T[TIp pezrretsurw LTxood pue FuTJeeq-a]10 WOJIJ £8J00 UT FUsqUOD
untuean pue ‘£3TAT]0BOTPRI ‘quequod SPITOS oTqnTos ‘LqTTTraremrad fqusquod Je9BM JO senTeA o3BJIOAY °*4 STIB]



, soquuTw aed sqUMOL 09 03 Q% ‘L9TAT30®OTpRI oJBY

epquutw Jod squUMoo Qg qnoqe 04 puodsesaoo Lem enTeRA ETYYG ‘opnyTi®T

SpTM UTUATM <psaJeJut ST 8ofne quesaed ¢1p°0 FoT Les-vumeS oYy WOJJ *POUTILIS}Sp JOU SJUNOD 8J0)
*£9TAT4OBOTPRS MeaM quenbaajur LIep

*£9TAT080TPEI JYSTTE JO STBAJSJUT PoIo}FeOg

*3uolspues yBuTaesd-oJoy TeSBY °(

squeTeAaTnbe oTydeaSTqBJIlS IO SUOZ 8I) °)

*0J0 BUTATJIoA0 LT9JRTPSWNT 2UOZ J99BM °F

*5J0 Jo quoTBATUDS OTYdBaB8TEI16 ©AOQE JO ©J0 SAOCQE SU0Z DPOjBINIESSy °Y

AR N

$8MOTTOF €% JIB (8u03EPUBS ,BuTIBEq-0a0, JO dcq) Joquem yseM 3TeS jo doj eyj 3® ButuutrSeq ssuoz /[T

000°€0T $H0°0 ET°9 TO*2€  99°2€£2-$9°00C
000°€82 §200°0 7$*08 €9°0T  GL°66T-22°68T a
pauTmreqep joN  (s0L°7)€9 000°269 0eT°0 Lireon 09°$ 22°68T-29°£8T 0
o 000°95¢ $6T°0 09°LE 98°T  2°€8T-LL°T8T &€
” 000°998 €1 60°€2 eee  LL*T8T-0€°6%T v

pezTTeeuTw LT100d ‘Z-X0d €TOY TTTIA q - II

/5 000°LS0°T $00°0 10°99 6T°ET  00°STR-T8°1€C
000209 L€0*0 6%7°0L 8'TT  T8*TEC-00°022 a
peutmeqep qoN  (42°T)792Y 000°T0L 6LT°0 L9°ss 09°¢ 00°022-0%° 912 0
000°2L9 08€°0 €€°09 95°2 oY 91e-%18*€1e g
000°9€L L20*0 09°LE 6£°0C M8 ETE-GY°EhT \{

Buraeeq=eo ‘T-YDg oToY TITId ®© - II
BUBLIOY 49J0 NOBTA~onTqy “®od® Nooa) I1894Td IT



LONG PARK
LP-830 LP-331
WATER CONTENY, PERMEASLLITY, WATER CONTENT, PERMEADILITY,
PERCENT OF DRY AW, PERCENT OF DRY AIR,
PORE SPACE MILLIDARCIES PORE g WLLIDARCIES
) o8 ]
reer © 88 60 78 w0 o 280 800 runr _,9 26 60 75 W0 ¢ 280 800
R4 'y
s
—0 ==0
804 [
s
1004
CAMOTITE ORE POORLY MINERALIZED
8cx—
WATER COWTENT, PEMMEABILITY,
PERGENY OF oRY
PORE SPAGE WILLICARCIES
- © 28 %0 T wo o 98 b
2
o= ]F
e 0008
s0 °
004 004
lll_t*MGR onE . POORLY MINERALIZED

1/ TOP OF DRE-SEARMG SANDSTONE

2/A.DESATURATED Z0NE ABOVE ORE ZONE, OR ABOVE STRATIGRAPHIC EQUIVALENT OF ORE 20M8
B WATER 200k OVEMLYWS ORE 2008
G.ORE 20ME,OR STRATIORAPIIC EQUIVALENT
B BASAL PORTION OF “ORE-SEAMNG" SANOSTONE

F16. 14, —~— WATER GONTENT AND PERMEABILITY OF GORES FROM ORE-DBEARING
AND POORLY MINERALIZED DRILL HOLES IN THE SALT WASH MEMBER, MORRISON
FORMATION, LONG PARK AND BITTER GREEK AREAS, URAMAN DISTRICT, MONTROSE

GOUNTY COLORADO




101

283

273

LP-530A

RADIOACTIVITY, RESISTIVITY,
COUNTS PER 16-IN. NORMAL.,

MNuTEY

OHMS-MM

IQB

5
B

ore or
QM%N oy,

2
—

TOP OF
SALT WASH,

& ABOVE BACKGROUND

LP-53I
RADIOACTIVITY, RESISTVITY,
COUNTS PER 8-IN. NORMAL,
MINUTE &/ OHMS-MYM
Q K
I

20149

A

FIGURE IS. ~=-DRILL. HOLE PROPERTIES
LONG PARK AREA,

TERRANE,
MONTROSE

COUNTY,

COLORADO

IN  CARNOTITE
URAVAN  DISTRICT,




102

BCX-2
8CX- RESISTIVITY
RADICACTIVITY 9_____;9____&0
RESISTIVITY 750 1500 o

RADIOACTIVITY Q 50 100 =
750 1500 Q. D500 1000 o5
500 15000 5000 1000

.

-

200t

033% eUy0, \_ 0.01% U0

L ? 200

- 16 FT.
225 0.01% 8U304

\ _L?\
azs: 30 FT. 1T FT. g

FIG16.-~ DRLL HOLE PROPERTIES IN BLUE-BLACK ORE TERRANE, BITTER CREEK AREA,
URAAN DISTRICT MONTROSE COUNTY, COLORADO




103

of the ore zone indicating claystone beds in the ore-bearing sandstone
in these intervals; (5) the oveiall similarity of the gamma ray-
resistivity patterns in the Long Park and Bitter Creek drill holes.

The Bitter Creek (BCX) drill holes are L miles southeast of the
Long Park (LP) drill holes. Thus the relations between the permeabi-
lity-pore water profiles and the gamma ray-resistivity logs in Long
Park and Bitter Creek, showing similarity on the one hand between the
ore~bearing drill holes in the two areas and between the essentially
barren drill holes, indicate that: (1) the distribution of pere (ground)
water bears a fundamental relation to ore occurrence at least over the
four-mile distance involved; (2) there, in this area at least, electric
bore hole logging independent of other methods shonld be capable of
detecting ore by the appearance of maximum resistivity below both
carnotite and "blue-black™ ore; (3) and possibly some empirical methods,
based on the ratios of resistivity above and below the correlated
position of the ore, may serve to denote proximity to ore. Recently
campleted bore-hole electric logging of s number of drill holes midway
between Long Park and Bitter Creek consistently shows maximum resistivity
below the ore zone of the ore-bearing sandstone where mineralization
is ore grade,

It has been previously stated (TEI-490) that the maximum resistivity
below the ore probably is due to diminished salinity of tk;e pore water.
The accompanying figure 17, which compares the reciprocal of the square
of the pore water saturation in cores with bore hole resistivity for
drill hole LP-530, substantiates this conclusion. The reciprocal graph
of pore water saturation emphasizes the low values. Increasingly low

values of pore water saturation and increasingly high values of reciprocal
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function are shown towards the right. Obviously, resistivity depends
on pore water saturation, and small changes in the amounts of pore
water at low saturations at the depth of 273 feet and shallower are
closely related to changes to resistivity. Below 273 feet, although
the pore water saturation is high (reciprocal function is very low),

the resistivity reaches a maximum. Earlier resistivity work indicated
that favorable ground generally is evidenced by ore-bearing sandstone
of greater thickness and greater resistivity, and unfavorable ground

by less thickness and lesser resistivity. The results of the present
investvigation substantially agree with the results of the earlier sur-
face resistivity work and without regard to restrictions imposed by the
depth of the overburden, offer a reasonable explanation that ore ground
may often show high resistivity by surface resistivity methods. Drill
holes cutting ore indicate high resistivity in the ore-bearing sandstone
above the ore because of very low pore water saturation, even though
the pore water is indicated to be salty. In the ore-bearing sandstone
below the ore, although the pore saturation is much higher, the pore
water evidently is much less salty and the resistivity reached a maximum
for the section. The low resistive radiocactive zones operate to decréase
the resistivity, but the net overall tendency in ore ground in usually
towards maximum resistivity. On the contrary in poorly mineralized
ground, resistivity below the ore is no greater than above, and thick
low resistive claystone beds intervene in the ore-bearing sandstonej

hence the overall effect is reduced resistivity.



106

Resource appraisal

Reconnaissance resource appraisal

The objectives of the reconnaissance resource appraisal studies
are to determine the order of magnitude ot the uraniwm resources of
each formation in each mining district of the Colorado Plateau, and
to contribute to an understanding of the origin and controls of the
deposits.

Map MF-16, "Preliminary geologic map showing the distribution
of uranium depogits and principal ore-bearing formations of the Colorado
Plateau region”, by W. I. Finch was published during the report period.
Printed on the map is a short text in which the history of production,
the general geology, the major wranium-, vanadium-, and copper-bearing
formations, and the ore deposits of the region are briefly described
and discussed.

Northwestern New Mexico, by L. S. Hilpert.--The larger known

uraniun deposits in the Morrison formation in the Gallup~Laguna area
of New Mexico are in two sandstone units in the Brushy Basin member.
These two units are called the Poison Canyon and Jackpile sandstones
of local usage.

The Poison Canyon sandstone crops out northwest of Grants and
is exposed glong the rim of Poison Canyon for a distance of more than
3 miles and extends northward from the rim for at least half a mile.
It ranges from about 35 feet to 90 feet in thickness. The Jackpile sand-
stone is present north of Laguna throughout an area of at least 200
square miles. It ranges from a knife edge to about 175 feet in thick-

nesse.
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Both the Poison Canyon and Jackpile sandstones range from white
to thoderate brown. The grains are mostly quartz, but locally pink
feldspar grains and white specks of kaolin are common. The sandstones
are relatively coarse and locally are conglomeratice They generally
are friable, and cross-bedding and scour-and-fill structures are
characteristices Carbonaceous debris is common locally, and claystene
lenses and galls are fairly abundant. These characteristics make it
possible to distinguish the Poison Canyon and Jackpile sandstone units
from other Brushy Basin sandstones. The other sandstones are in
relatively thin lenses, are green, and are composed mostly of quartz.
They contain a large amount of interstitial clay and locally are highly
calcareous, Characteristics of the Jackpile and Poison Canyon sand=-

stone units make it possible to extend and define these units by drilling.
Areas outside the Colorado Plateau

Blaek Hills, South Dakota
Ge Be Gott, E. V. Post, W.bK. Braddock, Henry Bell IIT,
Re S. Jones, and R. W. Schnabel

Past investigations carried out under the Black Hills project
have consisted of areal mapping at a scale of 137,200, mine mapping,
and attempts to adapt geochemical techniques to prospecting for con=-
cealed deposits.

During the report peried geologic maps at a scale of 1:7,200 were
compiled of the Edgemont, Edgemont NE, 80 percent of the Flint Hill,
and most of the Minnekahta quadrangles. Structure contour maps of the

Inyan Kara rocks in these quadrangles also were prepared.
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In January all geologic and structure maps completed during
fiscal year 1954 were open-filed.
Petrographic studies

Limited petrographic studies indicate that locally there may be
persistent differences between the Lakota and Fall River sandstones
(see table 10)o These sandstones contain both fragments of single
quartz crystals and grains composed of several quartz crystals with
sutured contacts, The latter type may have been derived from meta-
morphic qQuartzite. Chert grains make up from 1 to 40 percent of the
sandstones and appear to be more abundant in the Lakota than in the
Fall River sandstone, Potassium feldspars were observed in both the
Lakota sandstone and Fuson formation but none were noted in any of the
Fall River sandstone samples that were studieds Only a few grains of
plagioclase were observed.

The angular white clay grains that are so conspicuous in many of
the Lakota sandstones could not be identified in thin section, probably
because they were lost during grinding. Their abundance was estimated
from hand specimens. It may be significant that the clay grains are
absent in the Fall River sandstone and seem to correlate with the feld-
spathic sandstones of the Lakota Sandstone and Fuson formatione

Clay galls were represented in several of the thin sections that
were studieds One of these specimens contains volcanic glass.

The cementing material in the samples studied is composed largely
of oriented silica overgrowths with minor amounts of calcite, iron
oxide, and manganese oxide. In general the paragenetic relationships
indicate that the silica was followed by either the calcite or the
oxides, but several of the thin sections from the extensively silicified
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Table 10, Mineral constituents of Inyan Kara sandstone

Micro-
Quartgs Chert cline
For- per- per- per- Clay Clay Approx. size

mation Sample cent cent cent grains®* galls Cement range, mm

BB~ 48-53 82 3 15 ? 0 Si Very fine

BB~ 54~53 T~ 26 ? A 0 Si «05 = o445

BB~ 56-53 92- 7 ? ? o} 0L - 615

BB- 59-53 93 L 3 ? 0 Si «05 = .20

BB~ 62-53 17 L1 2 0 40 «07 =3.1

BB- 65-53 95 5 0] B 0 si 04 - .10

s BB- 68-53 ? ? 5 B 0 5i 205 = 25
® BB~ 71-53 ? 2 3 A 0 «05 = 50
4 BB~ 74-53 96— b ? 7 0 «03 - L10
~  BB-271-53 ? Mino Rare ? 0 Si-Fe 0L ~ W15
BB-272-53 90 3 7 C 0 «03 - .15
MK-- 2 91 4 5 ? 0 5i 05 ~ 420
MK - 39 90+ 5"‘ 5" ? 0 Si-Fe 003 - 20
MK - 40 91~ 8 1+ ? 0 Si-Fe <03 = .30
MK - 4 93 4 3 D 0 Si 005 = 420
MK - 5 91 I 5 D 0 Si #03 ~ 520

o MK =13 9 L 5 D 0 Si 03 - .20
8 MK - 25 914— 3 3 D 0 Si .-.05 ~, 020
g MK-26 96 1 3 D 0 Si=-CaC03 <03 ~ 420
MK - 33 I8+ 2~ 0 o] 0 Si-Fe- 05 - W40

CaC03

¥K - 15 99‘? Trace 0 0 0 Si 010 L 0!4»0
MK - 16 97 2 0 0 1 Si «05 - 538
MK - 19 98+ 2- 0 0 0 Si 10 « J40

MK - 27 98 + 2- 0 0 0 Si-Mn 06 ~ .33

MK - 28 o8 + 2~ 0 0 0] Si 09 =105
§ MK -29 99+ 1- 0 0 0 Fe-Si W15 ~ ohl
ﬁ MK - 30 98 ¢ 2- 0 0 0 Si o10 = ohhy
MK - 31 98+ 2- 0 0 0 Si 010 ~ ohly

a MK - 32 98+ 2- 0 0 0 8i-CaC03 11 ~- 33
= MK - 35 98+ 2~ 0 0 0 Si 05 = o40
MK - 37 95+ 5- 0 0 0 Fe-Si «10 - &30

MK - 38 97+ 3- 0 0 0 Si #10 - .33

BB- 62-53  95% 5% 0 0 0 5i-CaC03 +05 =~ +30
BB-307-53 93+ 3- 1- 3 0 Si 003 = .10
BB-311-53 92+ 3- 5 D 0 Si «03 - .10

# A - Abundant
B - Moderate
C - Minor
D - Trace
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sandstone in the Parker Peak area show that the secondary silica is
later than the iron oxide,
Permeability analyses

Permeability analyses were made on 13 samples from the Gould

and Holdup 15 mines. The samples were oriented and a horizontal and
vertical core was taken from each sample. Results of these analyses
indicate that there is no relationship between permeability and
mineralization in the samples (see table 1l1).

Thermoluminescence investigations

During the winter of 1953-54, 53 samples of Inyan Kara sandstones
originally collected for petrographic study were run for thermoluminescence.
This study indicated in general that the uranium-bearing rocks produced
glow~curve peaks at greater than A0 units, whereas the non-uranium-
bearing rocks produced curves with peaks at less than LO units. Some
rocks apparently essentially barren of uranium from areas of no known
uraniun deposits produced curves with significant peaks. Because of
the irregular distribution of the samples it could not be determined
whether or not these high peaks indicated pathways along which radicactive
materials had passed, or whether the high curves merely indicated the
presence of a strongly thermoluminescent accessory mineral in the pre-
dominantly quartzose sandstone,

In order to better evaluate the use of thermoluminescence as an
aid to uranium exploration in the southern Black Hills, additional
samples of Inyan Kara sandstones were collected during the 1954 field
season both at a detailed mapping project on Long Mountain in the Edge-
mont NE quadrangle and in the Gould Mine in the Flint Hill quadrangle.
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Table 11, Permeability and uranium content of 13 samples from the
Gould and Holdup 15 mines

Coefficient
of
Type of Uranium in Permeability
sample water passed (k)

Sam- (vertical through Equivalent gal/day Permeability
Ple or sample Uranium Uranium (Meinzerts (millidarcies)
No. horizontal)  (ppb) (percent) (percent) units)
133 vert. 2 0.074 0.063 550 30,151

horize. .019 0021} 610 33)1414'0
134 vert. 18 olib 13 280 15,350

horize. 1.05 25 180 9,868
136 vert. 1 2041 026 190 10,416

horiz, 012 007 hko 214-)121
137 vert, 9 0017 9007 350 19’ 187

herize 17 13 230 12,609
138 vert, <1l 0012 2011 130 7,127

horize 056 051 190 10,416
139 verio 3 .72 62 20 1,096

horiz. 018 ollq. 190 10911.16
140 vert, 2 1.03 o7 30 1,645

horize «23 018 10 7,675
149 verte 10 «00L <004 6 329

horiz. <001 +001 L 219
150 vert ° 26 «002 0003 1 55

horiz. <002 .0011, 07 38
151 vert. 21 003 0.004 2 11

horiz. <001 €001 ol 5
152 vert, l]» 001 «002 2 110

horiz. +001 005 o2 11
153 vert, 6 »001 002 5 27

horiz. ° 003 < +001 ol 11
154 vert, 1 «001L <.001 20 1,09

horiz. 001 .005 10 548



112

Long Mountain.--Of the 54 samples collected at Long Mountain, 16
were taken from the southeast wgll or the Clarabelle adit as shown in
figure 18. Some of these samples contain carnotite; others are
apparently free of uranium minerals, yet some of the supposedly barren
rocks give higher peaks than the mineralized rock. %Barren®™ sample
IM-46-5), for example, has a thermoluminescence peak of 63 units, where-
as IM-43-54, in carnotite, has a peak of 48; yet both samples assay
<06 percent eU.

Eight other samples (IM-23 through 30-54) from the Long Mountain
area were taken, as shown in figure 19, in a 2-foot fine-grained white
sandstone bed underlain and overlain by mudstone. Although there is
a variability of 14 percent in the peak values of the curves, all the
samples give low peaks characteristic of rocks barren of uranium.

Figure 20 shows the distribution of the remainder of the samples
collected for thermoluminescence on Long Mountain. Outcrop samples
indicate a correlation of high thermoluminescence peaks with high radio-
activity anomalies as outlined by the .02 mr/hr isorads They also
indicate the possible presence of a zone of high thermoluminescence
between the group of significant peaks in the northwest part of the
area and the group of high peaks in the southeast part of the area.
Samples of the same unit studied in the outcrop were taken from diamond
drill cores of ten holes in the center of the area. Significantly high
thermoluminescence peaks were obtained from the drill core samples
(FR-50, 51, and 54) located between the two anomalous areas on the
surfaces Incomplete gamma ray logs of the core holes show a2 positive
correlation between the intensity of thermoluminescence and the in-

tensity of gamma radiation.
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A1l of the above mentioned samples produce glow curves of
essentially the same character -~ two peaks, one at 2000 C and a second
higher peak at 276° C, possibly indicating a similar source for the
quartz grains of the sandstones and a similar depositional and dia-
genetic environment.

Gould mine.-~Thirteen samples of sandstone and one of silty clay-
stone from the underground working of the Gould mine were tested for
thermoluminescence, All the samples except the claystone give significantly
high peaks. The claystone may be low for either of two reasonss (1) It
is so impermeable that solutions carrying radiocactive materials are unable
to penetrate it, or (2) the clay minerals are not highly thermoluminescent,
even after considerzble gamma-ray bombardment,

Table 12 shows the variation of glow curve peaks in 12 samples of
ferruginous and non-ferruginous More'" and "low-grade™ rock.

Table 12, Thermoluminescence glow curve peaks of
samples from the Gould mine 1/

#0rett WLow—gradet
Fe No Fe Fe No Fe

Sample No, Peak Sample No. Peak Sample No. _Peak Sample No, Peak

EVP-16-54 77  EVP-12-5, 86  EVP-11-5, 75  EVP-13-5, 70
EVP-17-5, 69  EVP-19-5, 81  EVP-15-54, 45  EVP-l4-5, 73
EVP-18-5, 69  EVP-22-5, 76  EVP-20~5, 61  EVP-21-54 73
EVP-23-5L 7
(clay)

1/ "Ore™ was considered to be within the 1 mr/hr isorad as outlined
on the mine walls. This compares favorably with the limits of
ore-grade rock as outlined by the miners.

The Gould mine studies again indicate a correlation of thermo-

Juminescence with radioactivity, and illustrate the dampening effect of

iron stain on the intensity of thermoluminescence,
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Conclusions.--The results of the limited thermoluminescence
studies to date appear to indicate that high thermoluminescence
anomalies correlate with high radioactivity anomalies both on the
surface and in diamond core drill holes. The same anomalies might
be detected more easily with a radiocactivity survey of the surface
or a gama ray log of drill holes in areas of known depositse.

No attempt has been made, however, to sample systematically for
thermoluminescence in areas distant from known uranium deposits and
known radicactivity anomalies in the hopes of finding trends of
anomalous thermoluminescence that might lead to the discovery of blind
ore bodies at depth. It is planned to collect samples for this pur-
pose during the forthcoming field season.

Geochemical investigations

During the past two field seasons geochemical prospecting techniques
have been investigated to determine whether they might be of practical
assistance in the search for concealed uranium depesits. The studies
were based on the assumption that ion migration outward from ore de-
posits in porous sandstones is probable and that the detection of the
resulting halos might give evidence of the location of the depesit.
Several hundred analyses of soil and core samples, particularly from
the Long Mountain area, are now partly evaluatede The data include
quantitative and qualitative anaiyses of uranium, vanadium, and other
metals. Evaluation of these data suggests that prospecting for uranium

in the southern Black Hills by means of soil analyses has no advantages
over radicactivity surveys and has the disadvantages of being more

expensive and time-consuming.
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Analyses of core samples likewise indicate that significant
amounts of uranium and vanadium have not migrated vertically from
ore deposits. Analytical data based on core analyses indicate, however,
that the presence of detectable amounts of uranium is increasingly
more probable in the coarser textured rocks. The correlation between
uranium and texture of the rocks is illustrated in table 13 by the
results of statistical studies based on uranium analyses of 306 core
samples from the Long Mountain area,

Table 13. Analyses of log variance and log geometric mean of

the uranium content, in parts per million, of sediments
at Long Mountain, South Dakota¥®

Log Percent of samples
No, of geometric Log with detectable U
Rock type samples  mean ariance more
Mudstone I 0029 0023 38
Siltstone 130 o 57 61 4,8
Sandstone, very fine- 96 065 «86 50
grained
Sandstone, very fine- to 5 oTh 32 80
fine-grained
Sandstone, fine-grained K 135 1.53 80
Sandstone, fine- to medium- 10 9,76 1.19 90
grained

# The rank correlation coefficient for the log of the geometric mean
and log variance is +.77. For 5 degrees of freedom at the 5 per-
cent level of significance the value is .75« The results are there-~
fore concluded to be valide.

X-ray and eontological studies
Incompleted X-ray diffraction studies of the clay-size fraction

from 17 samples of mudstone suggest that kaolinite and illite are the



118

most common clay minerals., Montmorillonite and chlorite are present
in lesser amounts. Many of the samples show poorly crystalline
minerals, with clays of mixed lattice structure common., Montmoril-
lonite is present in many of the samples but has not been found as
the dominant clay mineral; it occurs mostly as a minor constituent
in some clay fractions., As yet studies have disclosed no systematic
clay-mineralogy differences between highly calcareous mudstone and
noncalcareous mudstone or between mudstones containing only plant
remains and those containing ostracad and other invertebrate remains.

Fossil ostracods, gastropods, and fish all seem to indicate a
freshwater envirormment and large bodies of quiet water. Additional
detajled fossil evidence is being sought to indicate the depositional
enviromment of the uranium-bearing sandstonese It is possible that a
better understanding of the enviromment in which the sandstones were
deposited will aid in prospecting and interpreting geochemical data.

Pumpkin Buttes area, Powder River Basin, Wyoming
W Nt.)ySha.rp

The report period was spent in compilation and correlation of
data resulting from studies of the preceding summer?s work in which
geologic mapping of the Pumpkin Buttes area on 7-1/2 minute quadrangles
was completed. The mapping of uranium deposits exposed by mining was
concluded in April 1955,

All known deposits of uranium minerals are found in sandstone lenses
within the dominantly claystone-siltstone sequence of the Wasatch for-
mation of Eocene age and directly associated with red color in sandstone.

The limit of red or partly red sandstones in the Pumpkin Buttes area is
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shown in figure 21, This gives a possible production area of uranium
ore in the Butles area of 350 square miles.

Secondary uranium minerals--principally carnotite, tyuyamunite,
and uranophane--are disseminated in gray to buff sandstone at and near
buff to red color changes in the sandstone, Uraninite associated with
pyrite cements sandstone into nodular masses in red sandstone; the
nodules commonly have a thick halo of secondary uranium vanadates around
them. Manganese oxide nodules which enclose sandstone rich in secondary
,uranium minerals, principally uranophane, are also found in red sand-
stone., Unoxidized vanadium minerals, represented principally by para-
montrosite, are found at one place, and in the vanadium group of
minerals are analogous to uraninite in the uranium group of minerals.

Tocal and regionsl spatial association of uranium deposits with
epigenetic red color in sandstone leads to the conclusion that the same
process or processes are responsible for both features, Interpretation
of field and laboratory data leads to the suggestion that uranium in
the Pumpkin Buttes area is derived from components of the sandstone and
redeposited under conditions of pH and Eh that varied locally within
sandstone lenses to give the several habits of occurrence..

Devils Tower, Wyoming and Montana
Ce S.bﬁobinson

The Devils Tower area (fig. 22), on the western and northern flanks
of the Black Hills uplift, includes an essentially concerdant sequence
of sedimentary rocks ranging in age from Permian (Opeche formation) to
Eocene (Wasatch formation). These rocks have an aggregate thickness of

about 8,500 feet, Their outcrop belt extends from the southern edges of
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Newcastle and Rozet quadrangles in a broad arc across the Devils Tower
area to the eastern edges of the Erickson and Aladdin quadrangles.

The pre-Oligocene sediments are unconformably overlapped at seme places
by the White River formation of (ligecene age and are intruded lecally
by igneous sills, dikes, and stocks of Late Cretaceous or Early
Tertiary age.

Cormercial deposits of uranium and many radioactivity anemalies
occur in the Devils Tower area in the non-marine Inyan Kara group of
Early Cretaceous age, and radioactivity anomalies have also been re-
ported in the Sundance and Morrison formations of Jurassic age, and in
the Fox Hills sanastone of Late Cretaceous age.

A preliminary map of the Devils Tower area at a scale of 1:96,000,
and a preliminary structure map of the Devils Tower 30-minute quad-
rangle at a scale of 1:63,360 showing contours at 100-foot intervals on
the top of the Fall River sandsteone of the Inyan Kara group, were com-
piled during the report period and are now being field checked before
being tranamitted for publication. A report on the Gypsum Spring
formation of the northwestern Black Hills is being prepared.

Plans for the summer of 1955 include remapping and field-checking
parts of the area and measuring stratigraphic sections in places where

information is sparse or lacking.



123

Gas Hills area, Fremont County, Wyoming
Ho Do Zeller, P. E, So}:gter, and Ho Jo Hyden

The Gas Hills area is in east-central Fremont County and west-
central Natrona County, Wyoming near the south-central margin of the
Wind River Basin, The Wind River formation, which dips gently to the
south, rests with angular discordance on rocks ranging in age from
Cambrian to late Cretaceous and is overlain by tuffaceous rocks rang-
ing in age from middle Eocene to Miocene.

Uranium deposits occur in the upper coarse-grained part of the
Wind River formation of lower Eocene age, with the exception of two
minor cccurrences in subjacent Mesozoic rocks. Meta-autunite and an
unnamed yellow uranium phosphate are the most common ore minerals and
generally occur as interstitial fillings in irregular blankets in
brownish-red to gray coarse-grained arkosic sandstone of fluviatile
origine Other uranium minerals found in the area include uraniferous
carbonate-fluorapatite, uraninite, liebigite, rutherfordine, uranospinite,
becquerelite, metatorbernite, metazeunerite, uranophane, uranocircite,
and an unnamed uranium silicate.

During the course of the field work in the Gas Hills area, waters
from springs, wells, streams, and reservoirs were collected for uranium
analysis. The generalized geologic map (fig. 23) shows the regional
distribution of uranium in these waters and its greater concentration
in the vicinity of known uranium deposits., The data on these waters

(excluding reservoir samples) are sumarized in the following tables
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Table 14. Data on waters frem Gas Hills area

Average U

Units from which water No, of content of Average

was_sampled samples water (ppb) pH
Oligocene and Miocene rocks 6 12 7.92
Eocene and older rocks 37 6 7.86
Precambrian and Tertiary

intrusives 3 1 Te43
Mineralized areas 16 98 6.81

Total 62

The uranium content of water draining from mineralized areas
averages 98 parts per billion in contrast to 6 parts per billion uranium
in waters from nommineralized areas. A wate» 3ample from a seep in the
mineralized area contains 1,300 parts per billion. This figure was not

included in the average.

Poison Basin area, Carbon and Sweetwater Counties, Wyoming
by
Go Eo Prichard and W, A. Chishelm

The Poison Basin area includes about 275 square miles in southern
Carbon and Sweetwater Counties., Uranium deposits in the area occur in
the Browns Park formation of Miocene age. Figure 24 is a structure
contour map of the Browns Park formation in Poison Basin, where most of
the known uranium deposits occur. The Browns Park formation covers much
of the topographic bas;in that coincides generally with the asymmétric
westward plunging Poison Basin syncline. Although the Browns Park
formation is as much as 1,000 feet thick at other localities, the out-
lying remnant of the formation in Poison Basin is only about 300 feet

thicke
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The occurrence of uranium in the Poison Basin area is similar
to occurrences in other areas in Wyoming where secondary uranium
minerals are present near the surface in sandstone deposits of Tertiary
age. Uranium is erratically distributed through the strongly cross-
bedded sandstone overlying the basal conglomerate of the Browns Park
formation. Locally, yellow secondary uranium minerals are visible,
but commonly the uranium is finely disseminated in the sandstone with
little or no visible mineralization even in strongly radioactive samples.

Sandstone containing as much as 3 percent uranium occurs in the
Browns Park formation in Poison Basin. Uranophane and schroeckingerite
have been identified as the principal uranium minerals in samples from
outcropping sandstone beds. Tyuyamunite has been identified as the
principal uranium mineral in a sample from an adit in Poison Basin.

The tyuyamunite is compact to cryptocrystalline, and where visible, occurs
in irregular greenish yellow bands as much as 3 mm wide. Replacement

by tyuyamunite has occurred along the filled incipient fractures in
quartz grains and along cleavage planes in feldspar grains. These
secondary uranium minerals occur in surface deposits in Tertiary strata
at other localities in Wyoming.

A pale to moderate blue argillaceous very fine- to fine-grained
sandstone zone occurs at depths ranging from 20 to 70 feet below the
surface. The floor of the adit on the Poison Basin claims is at the tep
of the "blue zone®™. Frequent testing of the "blue zone™ in the adit and
in auger holes for radiocactivity gave negative results. A recent
examination of a dry sample from the *blue zone™, however, resulted in
the discovery of two minerals tentatively identified as schroeckingerite

and autunite.
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Geologic investigations planned for the 1955 field season
include (1) additional detailed geologic mapping of the Browns Park
formation in an area of about 200 square miles (fig. 25) west of the
Poison Basin area, (2) detailed studies of individual uranium occur-
rences and favorable areas, and (3) preparation of a structure
contour map of the area.

Crooks Gap area, Fremont County, Wyoming
J. G. Stephens :.Ir{d M. J. Bergin

The Crooks Gap area, in the southeastern corner of Fremont
County, is bounded on the north by the Sweetwater Arch and on the
south by the Great Divide Basin. Miocene and Eocene rocks crop out
over a large part of the area. Older rocks ranging in age from Pre-
cambrian to Paleocene are exposed in the vicinity of Crooks Gap. The
pre-Tertiary rocks are characterized by asymmetric anticlines and
thrust faultsyand the Tertiary rocks by gentle folds and normal faults.

Preliminary investigations of the uranium deposits in the area
reveal that the Wasatch formation of early Eocene age is the principal
ore-bearing formation. Occurrences of uranium are present in over-
thrust Cambrian rocks in the northern part of the area, but are not of
commercial importance.

The uranium deposits occur as impregnations in conglomerstic arkosic
sandstone localized near thin carbonaceous, clayey siltstone beds. The
most important uranium mineral is uranophane., Other minerals identified
from the Wasatch deposits include phosphuranylite, uraninite, coffinite,
and meta-tyuyamunite. Minerals identified from the Cambrian occurrences

include uranophane, meta-autunite, autunite, and an unclasgsified uranium
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silicate.

Water samples were collected for uranium determinations in the
vicinity of Crooks Gap in an endeavor to locate new ore bodies or to
outline areas for intensive prospecting. The uranium content of well
and spring water samples is plotted on figure 26. The results are

summarized in table 15.

Table 15. Results of water sampling, Crooks Gap area

Unit from which No. of Average uranium con-
water was sampled samples tent of water (ppb)  Average pH
Miocene rocks 9 19 -
Eocene and older rocks 55 L Te5
Mineralized areas 6 12, Te5

The sampling indicates an anomalously high uranium content in water
from the northeast slope of Crooks Mountain on the west side of Crooks

Gap, suggesting the possibility of a buried ore body in this area.

Dripping Spring quartzite, Arizona
H. C.b}(';ranger
All presently known uranium deposits in the Dripping Spring quartzite
are in the middle and lower units of the upper member of the formation,
which is distinguished from the lower arkosic quartzite member by its
flaggy bedding and abundant siltstone. The known deposits are also con-
fined to Gila County, although the formation is found in several other

counties to the south.
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Host rock

Uranium deposits have been found primarily in two types of hoat
rock within the upper member., Most of the deposits are in the normal
siltstones but some are in a metamorphosed equivalent of the siltstone.

Siltstone.-~The siltstone host rock is commonly a laminated light-
to dark-gray argillaceous and feldspathic siltstone. Thin beds of fine-
to medium-grained quartzite and conglomerate lenses are interlaminated
with the siltstones in some areas. Near the surface these rocks may be
strongly bleached but a few feet below the surface are dark-colored
owing to finely disseminated pyrite and carbon.

Feldspathized rock.--Near discordant intrusive diabase bodies the

siltstones of the upper member are locally metamorphosed to an igneous-
textured rock consisting primarily of potash feldspar with lesser

amounts of albite, sphene, augite, biotite, quartz, and metallic sul-
fides. The grain size varies from coarse crystalline to aphanitic.

Where aphanitic, the feldspathized rock may be megascopically indistinguish-
able from normal siltstone. Bedding is in part preserved. Locally, the
feldspathized rock is brecciated and cemented either by similar material

or by aplite.

Seme rich uraniim deposits in the Dripping Spring quartzite are in
feldspathized rock but they are fewer and are restricted to a much smaller
area than those localized in the normal siltstone. Several deposits in
the siltstone are, however, spatially close te apparently barren feld-
spathized rock.

Structure
At outcrop many of the deposits in both hest rocks are within a

few hundred feet of a discordant diabase body. Near some other deposits
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erosion has removed sills of diabaze that may have been locally
discordant. Some of the most promising deposits are exposed within
a few feet of diabase contacts.

The near-surface parts of the deposits commonly follow steep
fractures that trend about N 20° E, or N 7C° W. Whether these fractures
control only the near-surface secondary deposits or also control the
deeper primary deposits is not yet fully known.

A1l the known deposits are limited vertically by some as yet
undefined stratigraphic control. The largest individusl ore bodies
are several hundred feet long and of stoping width with assay walls,
~ but less than 20 feet thick vertically.

Alt,er?.tion

Aside from weathering, no alteration of the feldspathized rock
has been noted. The feldspathization in itself, however, may be con-
sidered to be an alteration and it may have been nearly contemporaneous
with the uranium mineralization.

Except for feldspathization, alteration of the siltstone varies,
although only one type seems to be unique to the uranium deposits. A
green illite clay ferms small pods and veinlets in the secondary parts
of some deposits.

Mineralogy

Primary minerals of these deposits suggest an early stage of high-
temperature deposition. The minerals are discussed below approximately
in order of paragenesis.

Uraninite.--Occurs disseminated and in lenses and irregular bodies
commonly conforming to the relict bedding planes in feldspathized rock.

The lenses and other forms are composed of aggregates of discrete rounded
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to cubic uraninite grains less than 0.1 mm in diameter. In many
specimens the texture of the feldspathized rock appears to be virtually
undisturbed by the uraninite. That is, the uraninite grains form
inclusions in the feldspar and, by their abundance, appear as lenses
in the feldspathized rock.

Coffinite.~-Identified, by X-ray powder patiern, in association
with uraninite.

Pyrrhotite.~--Commonly disseminated in the feldspathized host reck.
It has been seen also in the quartzite lenses associated with siltstones.
It locally occupies the spaces between uraninite grains but dees not
appear to replace them. X-ray powder patterns indicate that the pyrrhotite
is of the variety troilite or nearly pure FeS.

Molybdenite.--Forms rare flakes in pyrrhotite and the adjacent hest
rock,

Chalcopyrite.~-Found in both types of hest rock. It may not all
be of the same age. It is generally disseminated but locally fills
fractures associated with pyrite. It replaces and occupies the same
positions as pyrrhetite.

Pyrite.~-Ubiquitous and evidently of several different ages. It
is disseminated, forms veinlets associated with quartz or other gangue
minerals, and fills stylolites in the siltstones.

Marcasite.--May be of two or mere ages. A peculiar colloform-like
occurrence in the feldspathized host rock may be earlier than the
chalcopyrite. It also fills very late fractures in both host rocks.

Galeng.--Some may be radiogenic and occurs as micron-sized grains
between uraninite grains. Later galena occupies fractures and calcite

veins in both types of host rocke.
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Sphalerite.—-Rare, and s=sociszted with galena.

Secondary uranium minerals sre prevalent in the near-surface
parts of the deposits. They are dissemingted in the host rock or,
more commonly, ccat joint and bedding-plane surfaces near N 20° E.
and N 70° W. fractures. To date, urancphane, metatorbernite, bassetite,
uranocirecite, and uranifercus hyalite have been identified. Autunite
probably is present. Limonite, gypsum, and malachite are common
associates. Azurite, chalceocite, and covellite are present locally.

Spectrographic data

Spectrographic analyses suggest that there is a positive relation-
ship between the concentration of uraniuwc and the concentrations of
copper, lead, nickel, cobalt, molybdenum, and siiver. Arsenic, bis-
muth, and mercury generaliy are abssnt or below the threshold detection
value. The vanadium content in every sampie tested in below .05 percent.

Karnes County, Texas
by
We I. Finch

The uranium deposits in Karnes County, southern Texas, occur in
flat-lying beds of the Jackson formation of Eocene age and in the over-
lying Catahoula and Qakville sandstones of Oligocene age. The ore-
bearing rocks consist of poorly bedded and mostly unconsolidated marine,
brackish water, near-shore, and continental beds of light-colored tuff,
sand, and sandy clay. The mineralogy of these deposits is still
imperfectly known. Yellow and green uranium minerals, probably phesphates
and silicates, occur along fractures and bedding planes, and disseminated
in the rock. Large amounts of arsenic and moljr’odemm occur with the

uraniume. The best mineralized rock appears to be associated with hydrated
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iron oxides, bentonite, and rocks that are characterized by mixed

and irregular beddingo Carbonaceous material is rare and commonly
shows no spatial relation with the ore. The deposits range from bodies
a few feet across that contain a few tons of ore to bodies several
hundred feet across that contain thousands of tons. The deposits
appear to have been concentrated by ground water from a disseminated
volcanic source.

Stratigraphy, by D. H. Eargle

The generalized stratigraphy of the Karnes County uranium deposits
and adjacent areas is shown on figure 27. A preliminary stratigraphic
section, indicating the beds containing uranium deposits, is shown
in figure 28,

The sandstone at the top of the Jackson formgtion (Eocene) in the
area consigts of sand and silt containing tuffaceous material and
bentonitic, carbonaceous clay. Some of the beds of sand are cémented
with secondary silica and are highly resistant to erosion. The sand
contains gbundant silicified wood and, rarely, leaf prints. Several
sand beds are thin bedded, but most are cross-bedded, delta-type deposits
20 feet or more thick. Some of the sands have been traced many miles
but others are lenses, probably bar deposits of local extent. The silts
are chiefly bedded tuffs, white to gray, soft, friable, light in weight,
and contain abundant stems and other plant matter. Impure lignite beds
are characteristically found at several horizons. Several beds containing

Corbula, Ostrea, and other mollusks can be traced for a number of miles.

The Frio clay, which is present on the surface in this area only in
northern Live Oak County, overlies unconformably the Jackson rocks and

is overlain unconformably by the Catahoula sandstone, which overlaps it
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Figure 27.--Recennaissance geologic map of the Karnes Ceunty
area, seutheast Texas, showing lecatien of uranium prespects
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to the northeast. It is a gray to greenish-gray marine clay, contains
few or no fossils, and is probably bentonitic in character.

The Catahoula sandstone ((Oligocene?) consists chiefly of soft,
friable, pale-yellowish-brown to gray, soft silt. It contains,
especially toward its base, beds of brittle cream-colored clay and a
few beds of sand. In the northeastern part of the area its basal bed
of coarse sand is termed the "rice sands.”™ The formation unconformably
overlies and overlaps progressively all beds from the Frio to the middle
Jackson from southwest to northeast in this area.

The Oakville sandstone (Oligocene), which overlies the Catahoula
sandstone, consists of a baszal bed of crossbedded, fine- to medium-grained
sandstone, and of overlying beds of tuffaceous clay, silt, and sand.

The basal sand consists, in part, of channel sands and laminated ashy
clay.

Uranium minerals occur lecally in at least six zones throughout
a section of about 1,200 feet, extending downward from the basal Oak-
ville sandstone to the base of the upper sandstone unit of the Jackson
formation. Most of the uranium deposits now being prospected are in
beds termed by Ellisor (Ellisor, A. U., American Association of Petroleum
Geologists Bull., vol. 11, p. 1312) the "Dubose sands and clay" of her
Whitsett formation, the upper unit of the beds of Jackson age which
constitutes about half of her Fayette sandstone. Thege deposits -are
generally within 150 feet or less of the contact of the overlapping
Catshoula sandstone and are generally progressively lower in the section
to the northeast, as the Calahoula overlaps the upper part of the Jackson
from southwest to northeast. Some of the uranium deposits are in the

sandstone beds that appear to be of deltaic origin, but some of the
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richest deposits are in sandstone lenses in silty and clayey beds.
The lenses, probably bar deposits, are oriented at a slight angle to
the direction of the strike of the rocks. Some of the most conspicuous
uranium minerals are in the sandstone associated with carbonaceous
trash. Beds of lignite, however, seem to have been only slightly
mineralized. Because some of the richer deposits closely adjoin faults,
it is believed that the proximity of faulting may be an important
factor in the accumulation of the uranium minerals in the sand and
clay.

One uranium occurrence in Gonzales County is believed to be in the
basal coarse sand of the Catahoula, near a line where the Catahoula is
in fault contact with the upper Jackson. A prospect in southern Karnes

County is in a channel deposit in the basal Oakville sandstone.
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URANIWM IN VEINS, IGNEOUS ROCKS, AND RELATED DEPOSITS
District Studies
Colorado Front Range

A discussion of the general geology of the Central City district
and adjoining areas, was given in TEI-3%0« A sumary of the distri-
bution, structure, mineralogy, paragenesis, and origin of the uranium
deposits was presented in TEI-440, and an evaluation of the uranium
potential of the region was given in TEI-490. Only current studiss are
described below.

Precambrian pegmatites, by P. K. Sims

Anglyses of many uraninite-bearing Precambrian pegmatites, of the
type mined at the Highlander claim, indicate that these pegmatites con-
tain about .05 percent uranium, Some parts of the pegmatite bodies are
higher in grade than others and a small volume of each pegmatite body
is of ore grade. It is concluded, therefore, that although the potential
tonnage of low-grade pegmatites is in the tens of thousands of tons, the
pegmatites cannot be mined profitably at present ore prices.

Tert vein depogits P. K. Sims

More than 100 abnormally radioactive Tertiary wveins are present in
the 50-square-mile area studied by the Colorado Front Range project. Of
these localities, about 40 percent contain selected material assaying
0.10 percent uranium or greater, and about 25 percent contain material
of ore grade. Most of the localities are listed in TEI-440. Most of
the significant vein deposits occur in the earliest Laramide fracture

sets —— northwest-, west-northwest-, east-northeast-, and east-trending--
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and but few are in the younger Laramide fracture sets. Therefore this
early group of vein-filled fractures are considered most favorable for
exploration. Further, the significant deposits occur in clusters which
do not comprise more than a square mile in extent.

The uranium vein deposits show no relation to the geographic
pattern of hypogene mineral zoning, contrary to some earlier views,
It is tentatively concluded that the uranium-bearing fluids which
deposited the pitchblende were derived from quartz bostonite magma; and
tha;t the precious- and base-metal ores were derived a different source—-
a deep-seated, differentiating early Tertiary magma. This conclusion
also differs from that previously published by others.

Blackhawk district, Gilpin County, by R. U. King and P. K. Theobald

Radioactivity is associated with quartz-hematite breccia in the
northwest-trending Blackhawk fault zone at the Priscilla claim, 1 1/2
miles ‘southea\st of Blackhawk. The discovery, made early in 1955, is
1-3/} miles southeast of the Silver Hill uranium deposit (TEI-490, pe 224).
A sample of the breccia from the discovery cut contains 0.1l7 percent
uranium, and dump material from a nearby abandoned shaft in the fault
zone contains 0.017 percent uranium.

The Silver Hill déposit, a vein-type deposit that contains disseminated
secondary ura.nlum minerals in weathered schist, is being explored by
drifting along the vein. Additional ore-grade material is being found
as the drift is advanced. A sample from the vein contains 0.43 percent
uranium.

These two deposits extend the favorable area of the Central City
district eastward in the direction of the known uranium deposits of the

Ralston Creek-Golden Gate area, and suggest that further prospecting of
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breccia reefs and major faults may disclose additional uranium deposits.

Wall-rock alteration studies, by E. W, Tooker

Study of altered wall rocks in the Central City-Idaho Springs
district and adjoining areas in Gilpin and Clear Creek Counties, Colorado
has shown that there is a poor and irregularly defined zonation about
veins, but that alteration is relatively weak and not a pervasive feature
as elsewhere. Generally a quartz (silicified) sericite zone adjoins the
veins and grades laterally into an argillic zone of varying thickness
as yet not quantitatively subdivided and thence into fresh rock.
Plagioclase was the first host-rock mineral to alter, changing to
montmorillonite. Later biotite altered to the mixed-layer mineral mont-
morillonite-illite. This in turn, adjacent to the vein, was transformed
into illite-sericite and sericite. Kaolinite and halloysite occurred
as local variations in the argillic zone near the vein. Chlorite, a
minor constituent, formed away from the vein zone and may be related to
both plagioclase and biotite alteration.

Aside from the garnet-quartz gneiss in the Fall River area, no over-
all relaticnship between primary ore type and altered rock type has been
observed. Near-neutral pH relations and favorable wall rock (with illite-
montmorillonite type alteration) are necessary for the localization of
secondary uranium minerals in the Central City area.

Ralston Buttes district, Colorado
D. M. Sheridan zgé C. He Maxwell

The Ralston Buttes district is in the eastern foothills of the

Colorado Front Range west of Denver., Significant occurrences of pitchblende

in the district are associated with base-metal sulfides in or near carbonate-
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bearing fault breccias of probable Tertiary age. A general description
of the geologic associations of the pitchblende occurrences was given

in TEI-490 and more detailed descriptions were published in USGS Circular
320.

Field work on the project during the report period was limited to
about one month. Approximately 3 square miles were mapped at a scale
of 1:20,000 in the southeast corner of the Ralston Buttes quadrangle.
Twelve old prospect pits were examined for radioactivity and mineralized
areas and preliminary traverses totalling 5,000 feet in length were
made in searching for radioactive agnomalies,

During the past six months production of pitchblende-~bearing ore
has continued at the Ralston Creek (Schwartzwalder) mine in the north-
eastern part of the district. Other private parties are prospecting
in the vicinity of the Nigger Shaft on Ralston Creek and in the Golden
Gate Canyon area. The Ladwig No. 2 adit in the Golden Gate Canyon area
has been rehabilitated and extended and the shaft has been cleared.

Plans for the next fiscal year include campletion of field mapping
and search for uraniferous deposits in the Ralston Buttes district and

compilation of the results into a USGS Bulletin.

Boulder Batholith, Montans
by

G. E. Becraft
A brief examingtion was made in March 1955 of a thick sequence of
uraniferous bentonite-bearing tuffaceous Oligocene sedimentary rocks
northeast of Winston, Broadwater County, Montana. In an area of several
square miles, uranium occurs in a number of beds of tuff and tuffaceous

shale and particularly in tuffaceous shale rich in organic matter.
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Secondary uranium minerals, tentatively identified as meta-autunite
and carnotite or tyuyamunite, have been found at two locations. The
uranium-bearing beds range in thickness from 1 inch to 2.5 feet.
Selected samples contain as much as 0.36 percent eU.

Reconnaissance of an area of similar tuffaceous sediments south
of Ré.dersburg, Broadwater County, disclosed radioactivity anomalies in
secs. 1, 2, and 3, Te 3 No, R. 1 W. The strongest radiocactivity, about
1C times background, was in a 5-inch bed of light-pinkish gray carbonaceous
shale. A 4~foot bed of lapilli tuff containing rounded fragments of
punice gave a reading of 3 to 4 times background. Radioactivity was also
detected in a Tertiary carbonaceous shale about 10 inches thick in the
northeast corner of sec. 12, T. 2 No, Ro 1 W.

To appraise the uranium potential of the Winston area and determine
whether detailed work by the Survey might be desirable, a study of the
stratigraphy, structure, and distribution of uranium in the Tertiary
sediments was started on May 9 and continued to the end of the fiscal
year.

Petrologic studies of the rocks of the Boulder batholith and
laboratory studies of the ore minerals from veins in the batholith were
continued.

Thomas Range, Utah
by
M. H. Staatz

The main eastern part of the Thomas Range consists of a large
silicic volcanic series with a small patch of Early Paleozoic sediments, |
1 1/L square miles in area, at the southern end. The western and north-

western parts of the Thomas Range and the Dugway Range are separate
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blocks of Paleozoic sediments, ghiefly carhonates. .

During the report period about 50 square miles, covered chiefly by
volcanics of two periods,was mapped. The older group of these volcanics
consists of crystal tuff, brown to purple rhyolite, and latite. After
rocks were eroded inte rugged mountains a younger group of volcanics
consisting of white to orange vitric and lithic tuff, an obsidian layer,
and recurring layers of topaz-bearing rhyolite were emplaced upon them.
The ybunger volcanics, however, consist chiefly of the teopaz-bearing
rhyolite; obsidian, where present, represents the first quickly cooled
part of the rhyolite flow and acts as a marker bed at the bottom of the
flow.

Uranium minerals are known in two places in the mapped area. On
the east side of the range near its southern end shear zone contains
uranium mineralization along several small fractures. The mosi abundant
mineral is opal, with minor amounts of calcite, fluorite, and a yellow
uraniun mineral. This mineral, which has not previously been described,
is a uranium silicate probably similar in composition to uranophane.

The grade of the ore in four channel samples ranges from 0.009 to 0,026
percent U. A selscted sample of high-grade ore from the dump, however,
contains 0.20 percent U.

Uraniun minerals occur also in the wide swale along the west side
of the main wvolcanic mass, in a large lens of extremely friable tuff
interbedded with a limestone-bearing agglomerate. A yellow uranium
mineral resembling the unknown uranium mineral mentioned above occurs in
the limestone boulders, and a greenish-yellow mineral resembling
schroeckingerite is found in the tuff. All available pits were sampled.
Abnormally high counter readings are obtained along strike in the tuff
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for over 600 feet. Conéiderable exploration will be reguired to
uncover the size of the ore body and determine its average grade.
As the ore occurs in a porous friabie tuff it is quite possible that
a moderate~sized ore body is present.

Both these uranium deposits occur in the group of older volcanics.
The younger group of volcanics also may be favorable, as a bulk sample
of the unaltered rhyolite from the northern part of the range contains
0.006 percent U; this suggests that these rocks may be of above- average
uranium content.

Jarbidge quadrangle, Nevada-Utah
by

R. R. Coats

Work on the Jarbidge project during the report period included
offize study of samples collected in 1954, and drafting of a geologic
map of the Jarbidge guadrangle which is now about one-third complete.
Up to the present time no systematic variations in the distribution of
urgnium in the rocks of the quadrangle have been observed.

Work planned for the next six months includes continuation of
geologic mapping in the Jarbidge quadrangle at a scale of 1348,000 or
larger, and further laboratory study of the rhyolitic rocks from that
vicinity.

Wet Mountains thorium district, Colorado
by

Q. D. Singewaid
Previous work in the Wet Mountains thorium district, Custer and
Fremont Counties, Colorado, was reported in TEI-440, pp. 163-165.

During the past six months, under the sponsorshiv of the USGS. mapping
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done in 1954 has been compiled on a base map cf the district at a
scale of 136,000, The veins and radioactive localities in the area
mapped in 1954 are shown in figure 29. The abnormal radioactivity
found at many places along the veins is due almost entirely to thorium

and its daughter products.

General geologic studies

Relationship of wranium and other trace elements to
post-Cretaceous vulcanism

by
Ro Re Coats

Field work on the project, "Relationship of uranium and other
trace elements to post~Cretacecus vulcanism®™, was terminated June 30,
1954, and results of the work up to that time were reported in TEI-440.
Later laboratory study of the problem, and statistical analysis of
results, makes possible a more detailed account of the relationships
involved than that given at that time. These are summarized below.

Rhyolitic and dacitic rocks from Colorado, Wyoming, Washington,
California, Nevada and Arizona were studied by the project. In these
rocks the content of uranium shows a significantly high positive cor-
relation with that of niobium, beryllium, snd flucrine; a less signifi-
cant positive correlation with the content of lithium and tin; a
significant negative correlatien with the content of boron and lanthanum;
and no significant correlation with the content of zirconium and lead.
A study of the relation of the several elements to the geographic
provenance shows significant variations with ths provenance for all
elements except tin and lanthanum. On the basis of these variations and

on patterns of consistency five comagmatic provinces, one of which is
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subdivided into three sub-previnces, have been delineated in part on
a map of the western United States. It is expected that the pattern
of provincial distribution may prove useful for future prospecting.
Zonal relations of uranium deposits in
metalliferous districts
by
S. R. Wallace

The six-weeks study during 1954 of radioactivity in the Bisbee
district was a preliminary reconnaissance to determine the districtts
suitability for a study of the relation between uranium and zoning.

The Bisbee district was selected for three reasons: (1) significant
concentrations of uranium had been reported from the district, (2) the
geographic position of different types of ore within the district
suggested a zonal distribution of the ores, and (3) the total amount
of metal deposited within the district was known to be large, suggest-
ing that the quantity of uranium might be appreciable.

The results of the preliminary investigation suggest that most of
the uranium in the district is associated with massive sulfide replace-
ment ore bodies in limestone; apparently there is little difference in
uranium content of lead-zinc ores and copper ores. The low-grade
disseminated copper ore of the Sacramento Hill porphyry stock exhibits
no abnormal radieactivity. Most of the high values previously reported
are the result of secondary salts deposited on the walls of mine workings
in and near the ore bodies. A few, very small, high-grade pods containing
primary uranium minerals were discovered, but no minable concentrations

of uranium ore are known in the district.
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Some of the acid mine waters from Bisbee and other mining districts
in the southwest are exceptionally rich in uranium, and suggest that
there may be localities where concentration and flow are sufficient to
encourage attempts to extract uranium from solution.

Occurrences of uranium in veins and igneous rocks
G. J. llc\)lseruerburg

The primary emphasis of the project is on studies of the modes of
occurrence of uranium in the fabric of igneous rocks, and the possible
use of such information in the search for uranium ore. In the course
of such studies, sttempts are being made to obtain the uranium contents
of many igneous rock varieties that hitherto have received little
attention.

The labile uranium contents of igneous rocks are considered to
represent that part of the total uranium content that is most likely
to have changed during the rock®s history and that may, therefore,
provide clues to the movement of uranium during the formation of ore
deposits. Likewise, it is thought that Th/U ratios may provide additional
information on the movement of uranium during a rock's history. On the
basis of these assumptions, the labile uranium contents of about 100
samples of diverse rock types and the labile thorium contents of some_of
these rocks are being determined. The first phase of this investigation
is concerned primarily with determining the range and nature of variation
in the labile uranium gnd thorium contents among rocks in relation to
their geologic and petrologic characters. Once this has been done, the
study will be extended to selected igneous bodies spatially associated

with uranium ore deposits.
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The leaching procedure consists of the following: 4 grams of rock,
pulverized to minus 20 mesh, are leached in 800 ml of 0.05 M HNO3 on a
steam bath at a temperature of 80-85° C for one-hglf hour. This procedure
was adopted on the basis of experiments that showed it entailed virtually
complete solution of piichblende and a variety of hexavalant uranium
minerals while dissolving less than 10 percent apatite and negligible
amounts of the common minor accessory minerals. A few leaching experi-
ments with other solvents were made and others are planned.

Analyses of a few zeolites showed uranium contents ranging from 0.9
ppn to 27.6 ppm. In 1937 Goldschmidt predicted that zeolites should not
accommodate uranium in their structure. The finding of appreciable
uraniun in these zeolites may mean that it is held in cation exchange
position. This is also implied by associated amygdaloidal analcite and
ngtrolite, containing 0.05 ppn and 4.4 ppn uranium, respectively, on the
assumption that analcite should adsorb no uranium while natrolite may
readily adsorb it. If uranium is readily adsorbed by zeolites, surveys
of areas centaining zeolites may serve to identify volumes of rock
through which uraniferous solutions have passed. This premise will be
investigated.,

Chemical age determinations were made on uranothorite and allanite
from a pegmatite previously dated by the zircon age method. The results
as shown in table 16, though highly divergent, presumably due to the
weathered nature of the samples, may serve to indicate the amounts of
magmatic lead accommodated in these minerals at the time of their for-
mation. Providing the zircon age of 810 million years for the pegmatite
is correct, 66.6 percent of the allanite lead and 9.4 percent of the

uranothorite lead is magmatic. These results would seem to cast suspicion
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on chemically determined ages of allanites and uranothorites.

Table 16. Chemical age determinations of allanite and uranothorite
from the same pegmatite

Mineral U, percent Th, percent 'Pb, percent Age in millions
of years
Allanite 0.0071.2 0.53 0.063 2,400

Uranothorite 11.798 L5415 3.3 890
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Table 18, Petrology of uraniferous Dakota lignites

Anthra-  Transl. Opagque Petrog. Visible

Xylon Attritus Attritus Fusain Impurity
percent  percent percent percent  percent

Medicine Pole

Harmon Bed 1}300 51.1& 2.8 1.3 1015-
Lodge Pole
Harmon (?3 Rider L5.5 L3.6 7.2 0.5 3.1
Harmon (? Bed l}lnz 1.],707 ho? 500 101&
Bar H Area, uncorrelated beds
Hole 19 at 379037' 5103 3904 6.1 298 0.3
nnon 335,37t 5567 39.0 2.2 1.9 1.2
Hole 21 at 31.33¢ 51.0 29.8 9.2 2.4 0.6
nonon .71 39.4 48,7 72 36l 1.3
Hole 22 at 60065' 24.700 Lp902 101& 009 105
Hole 23 at 69.75¢ L9.8 40,9 5.0 440 0.3
Hole 24 at 11640 ¢ 51.9 39.2 2.8 1.9 Le3
Hole 25 at 34.25¢ 55.6 3445 35 5¢4 1.0
Hole 26 at 30,38¢ L9.2 3644 9.5 3.3 1.6
" LU 62.17' 5199 2609 1300 6oh 108
Hole 27 at l+5060e 1&705 ll»201+ 306 109 l}.é
Average composition of
coal in Bar H area 5040 38.8 5.8 3.1 17
Average composition of
Slim Buttes coal
preViOUSly analyzed 51l.2 36.1.} 300 55 3‘0
Average of commercial
ligzlite mined in N. Dak.
(Uo S. Bur. Mines Inf,
Ci.rCo 7691, po 66) 58.1 3000 8.6 393 ——

In the previous semi-annual report (TEI-490) detailed component
determinations for four layers of Dakota coal were presented. More
recently twelve additional layers, including all the coal from one of
the uraniferous beds, have been similarly investigated. This study
indicates that a group of waxy components associated with high uranium
content in the Red Desert (Wyoming) and Goose Creek (Idaho) areas is
not associated with the uranium in the Dakota coal. A tendency for
attrital coal to be more highly uraniferous has been noted. This

tendency seems as strongly expressed in relation to translucent
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attritus as for any more select group of attrital components.

Most of the uranium is present in the highest coal bed clesest
te the tuffaceous White River formation overlying the coal-bearing
succession in western North and South Dakota (see USGS maps C-33,

C~34, and C-35). In the topmost ccal beds uranium concentration varies
considerably and shows marked preferential concentration in the upper
parts of these beds. One exception (hole SD-10), still unexplained, has
been noted in a previous publication (Schopf and Gray, USGS Circular 343).
Elsewhere the concentration of uranium is more clearly related to position
within the bed, in relation to the White River unconformity than to any
discernible variation in petrelogic composition of the ceal.

In order to evaluate the positional relationship apart from com-
position, the uranium content of 150 samples (omitting SD-10 samples)
was plotted according to distance from the top of the uppermost coal
bed (fig. 33). The resulting distribution of points is mere uniform
than had been anticipated from irregularities of analyses from individual
drill holes. Normal uranium content for coal of less than 10 pm is
found about 10 feet below the top of the beds that show a uranium con-
centration anomaly. The greatest concentration is 1 1/2 to 5 feet from
the top of the bed, with a range in uranium concentration of 30 to about
130 ppm. Higher concentrations are restricted to the top 1 1/2 faet
of coal. The highest ursnium determinatien (900 ppm or .09 percent) is
in a thin attrital coal streak about 6 feet gbove the top of the main
coal bed closer to the overlying tuffaceous recks.

The scattering of points is uniferm enough to permit drawing of
smooth average curve., The general shape of the curve is suggestive of

the diffusion front beneath a perched water table.



161

DJONOQ YiNOS jO DD IDYUBPUAN 3y} Ul KILOWODUN AN BHUM BY) MO9Q SPaq 00O U KDWOUD wnon ayy *ggainbiy

100 3A0QD 3JUDISIP
2 € v S 9 . 8

3004— )

ez 22 12 02 & 8 4 9 woa 2
~e——¢

S
H“mﬁﬂtiﬁ.&hh&&lﬂ.

. 3\
{003 40} |DUIIOU

®

s
§¢
o
g 32
Ajojnoi 10d 'spagq j009 (|OYUSPUSN W PBIOU .s
‘owixow AJOpuod3s 3jqissod jo auoz MM
¢ g
5

el

dd | ) voypw sad sp0d wnoIN

?joys Jo Lojp w0z A
pasayioam ‘(002 Kjoys 1o ajoys £|ood {oiuasjasd doy
(use %G9 01 G 1009 Ajoys 0 ajoys £jood

paIayjoam *|00d

[=]
o
<

e 0 0 o
(%1000 =w

1003 daap,

GN3937

wnwixow Asounid




162

Uranium in coals of the Red Desert area, Wyoming
Harold.bﬁasurslq

Laboratory studies on possible source rocks and the origin and
mode of emplacement of the uranium in coal in the eastern Red Desert
area, Wyoming were completed. The Sweetwater granite of Precambrian
age is considered to be a possible source for the uranium in the Red
Desert coal because the granite contains 0.002 to 0.003 percent ura-
nivm whereas the arkose derived from it contains only about 0.0005 per-
cent uranium, The uranium, which is possibly held in éasily leachable
intergranular films, may be mobilized during weathering and erosion
of the granite and emplaced in the coal via the ground water system.
A sample of the granite containing about 0.002 percent uranium was
pulverized and subjected to leaching by distilled water, sodium
carbonate, and nitric acid for half an hour in a steam bath to investi-
gate the mobility of the uranium. The distilled water leached 0.12
percent of the contained uranium; the sodium carbonate leached 1.3l
percent; and the nitric acid (pH 1.55) leached 7.70 percent. Six thin
sections of the granite were covered by nuclear emulsion and exposed
from two to six weeks to determine the distribution of uranium within
the granite. Study of the alpha tracts showed that in one section
there is a congentration of tracks emitted from interstitial material}
in two other sections the quartz and potassium feldspar are alpha emitterss

A powdered coal sample (minus 100 mesh) was immersed in a uranyl
nitrate solution containing 990 ppn uranium to test maximum extraction
of uranium from solution by coal., At the end of 27 days the coal had

zxtracted 95 percent of the uranium from the solution and contained
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8.6 percent uranium. An X-ray determination of this sample did not
reveal the presence of any uranium mineral. The sample was reimmersed

in a uranyl nitrate solution containing 550 ppm uranium. At the end

of 120 days the coal had extracted 35 percent of the uranium from
solution and contained in excess of 10 percent uraniume. X-ray examination
again failed to show the presence of any uranium mineral. However,

at high magnification (800X) a polished section showed that the frag-
ments of coal were surrounded by minute black particles that may be

such a mineral.

Black shale investigations

South Dakota and northeastern Nebraska
Re Co Eprerle

About 300 samples of black shale from 32 localities in South Dakota
and northeastern Nebraska indicate that the Sharon Springs member of the
Pierre formation in that regioncontains 0.002 percent or less uranium.
The most uraniferous parts of the shale contain 0.005 percent or more
uraniwn in zones averaging about 1 foot in thickness. At three localities
these zones reach thicknesses of 3 to 6 feet; elsewhere they are less
than 1-1/2 feet thick. The most uraniferous parts of the zones are
generally about 3 inches thick and contain as much as 0.017 percent
uranium.

Semiquantitative spectrographic analyses of 82 samples of the black
shale from the Sharon Springs member indicate that the concentrations
of molybdenum and iron tend to vary directly with the concentration of

uranium, whereas the concentrations of alumimm, gallium, boron, titanium,
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magnesium, and sodimm all tend to vary inversely with the concentration
of uraniumn. The results of the spectrographic anvalyses are summarized
in figure 34,

Chemical analyses of 18 samples of shale from one locality indi-
cate a strong positive relationship between the concentrations of
uranium and arsenic, and a lesser positive relationship between the
concentrations of uranium and selenium.

From a study of the relationship between the concentrations of
uranium and the elements which vary in concentration with respect to
uranium, it gppears that the uranium in fresh samples of the Sharon
Springs shale was emplaced during the deposition of the shale, in a
reducing environment where deposition of allogenic clastic sediments

was slow.

Sharon Springs black shale in the Chadron arsa, by R. J, Dunham

The gverage uranium content of the most radicactive pert of the

Sharon Springs is no greater than the gverage uranium content of
associated shales in the Chadron arsa. No uniform areal variation in
pranium content was deteci:.ed in the 100 square miles investigated. In
subsurface in the Chadron ares, the Sharon Springs is not significantly
more radicactive than associated shale (fige 35). The uranium content
of shale outcropping in the Chadron area probably has been reduced a

few thousandths of a percent by the leaching effect of axidizing vadose
water made acid by decomposing pyrite. Seep water issuing from the
Sharon Springs shale in sec. 33, T. 36 No, Ro 47 Wo, Shannon County,
South Dakota, has a pH of 3.1 and contains 320 parts per billion uranium.
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Uranium associated with pre~Oligocene weathered zone, by R. J. Dunham

Accumulations of epigenetic uranium, perhaps in the form of pitch-

blende,' occur extensively in the Chadron area in shale of the Carlile,
Niobrara, and Pierre formations of Late Cretaceous age where those
formations were subjected to deep weathering in pre-Oligocene time

(£ige 36). ’Individual Micles of pitchblende (?) are small (10 microns)
and intergrown with pyrite, organic matter, and clay matrix. Abundant
pyrite in the sample prevented confirmation by X-ray. The identification
as pitchblende is believed valid because the optical properties are

those of pitchblende, and the percentage of uranium and intensity of
alpha radiation are compatible with this identification.

Effects of pre-Oligocene weathering of the Cretaceous shales include
kaolinization of illite, residual concentration of iron and aluminum,
decalcification of calcareous shale, and oxidation of iron. Oxidation
gives the dark gray shale the yellow-red colors of hydrated ferric iren,
and penetrates irregularly to depths of as much as 50 feet. Most of the
uranium occurs in gray unoxidized shale less than an inch from an inter-
face with yellow oxidized shale.

The greater part of the 45 samples collected in the Chadron area
represents the full thickness of enriched isolated remnants of unweathered
shale enclosed in weathered shale and are similar to those shown in
figure 36. Such samples generally contain about 0,01 percent U, a few
contain O.1 percent U, and one contains l.l percent U. The outer part
or rind of a remnant contains a greater percentage of uranium than does
the imner part. Select samples containing as much as 0.5 percent U can
be collected from the outer quarter-inch of remnants whose channel samples

contain only 0.02 percent U.
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The strong top preferential distribubion of uranium shown at all
exposures (fig. 36) indicates that the uranium came from above. The
interface between yellow oxidized material and gray unoxidized material
marks a boundary between an oxidiging enviromment above and without,
and a reducing envirormment below and within. Probably the uranium moved
downward through the oxidizing envirormment in the 6-valent form, then
was reduced to the L-valent form and so precipitated almost immediately
after first contact with the reducing enviromment. The low permeability
of both weathered and unweathered material suggests that the movement
was partly by diffusion. The uranium may have been derived from weathering
and leaching of great thicknesses of Cretgceous shale in pre-Oligocene
time, the uranium being progressively concentrated as the oxidation-
reduction interface migrated farther down intc unweathered shale.
Aternatively, the uranium may have been derived from leaching of tuffaceous
Tertiary rocks in Oligocene or later time, in which case the role of pre-
Oligocene weathering was merely to prepare traps. The presence of ura-
nium minerals in Oligocene gypsum in the Chadron area is permissive of
the ash-leach hypothesis, but difficulties are presented by the imperme-
ability of the weathered zone and by the lack of long distance diffusion
in the coal beds and sandstonés where the ash-leach hypothesis has been
previcusly applied. Other evidence is permissive of the shale-leach
hypothesis; where a limonite lens in the weathered zone contributed peb-
bles to the overlying basal Oligocene conglomerate, the limonite of both
the lens and the pebbles contains 0.007 percent U. According to theory,
limonite obtains its uranium by adsorption while still in the freshly
precipitated gel state; thus uranium was available and being deposited

during pre-Oligocene weathering.
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Western Kansas and eastern Colorado
E. Ro Ez.ndis

Available surface and subsurface data indicate that a sequence of
beds in the Pierre shaleand Niobrara formation in nertheastern Colorado
is more radicactive than other portions of those formations in that area.
This sequence, however, is not recognizable in all of the wells for which
gamma-ray logs were available and studied. The logs indicate that both
the maximum radioactivity and the thickness of the radiocactive beds vary
congiderably within distances of a few miles, and the stratigraphic
position of the radioactive beds relative to the Pierre-Niobrara centact
is also variable within short distances.

Midcontinent Devonian shales
V. E. gganson

Marine black shale of Late Devonian and early Mississippian age
were examined during the report period in (1) the Tahlequah-Spavinaw
area of northeastern Oklghoma; (2) the Eureka Springs-Noel area in north-
western Arkansas and southwestern Misseuri; (3) the Yellville area in
north~central Arkansas; (4) the Ouachita Mountains of southern Arkansas;
(5) the Arbuckle Meuntains of southern Oklahoma; and (6) the Llane up-
1ift of central Texas. Outcrop and well samples, cores, and gamma-ray
logs of shales from these areas were accumulated.

An abnormally high-grade uraniferous black shale was found near
Yellville, Marion County, Arkansas. Twe select samples centain 0.12
and 0,71 percent U, respectively. The black shale is confined to a
lens less than 3 feet thick in the lower Mississippian basal sandstone
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member of the Boone formation, and is lithologically similar to the
Chattanooga shale of northern Arkansas. The shale having the highest
radiocactivity contains much coalified plant material, Although
analytical data on additional sanples collected are not yet available,
the average uranium content of the shale in the lens is believed to
be less than 0,02 percent U,

Chattanooga shale in Alabama, Georgia, and Tennessee

Lynn g{over

During the report period 21 sections of the Chattanooga shale
between Chattanooga and Knoxville, Tennessee, were measured and described
and selective sampling was done between Birmingham, Alabama, and Knoxville.
Twenty-eight samples from eight sections were taken for geochemical
determinations, and six fossil collections were made. Field work was
completed in March.

The Chattanooga shale and Maury formation are progressively over-
lapped in the area around Birmingham (fig. 37). In eastern St. Clear
and Shelby Counties, Alabama, (outcrops at and south of 3J-2, fig. 38)
the Chattanooga and Maury are absent and the Mississippian Fort Payne
chert lies directly on formations ranging in age from Ordovician to
early Devoniane. Where both the Maury and Chattanooga are present, the
iron in both formations is everywhere in the form of a sulfide. Where
only the Maury in present the iron in the basal sandstone 1s oxidized
and at least part of the normally light-greenish-gray claystone of the
Maury is colored a dark hematitic red. Where green and red claystons
occur together the green always overlies the red. At some sections

(ee80y 3H-5, fig. 38) the entire formation is reddish with only a thin
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band of green silt or small green concretions at the top. The red
coloring is probably a primary feature of deposition indicating oxidizing
conditions probably in the strandline belt. By contrast, the normal
green coloring of the Maury would indicate moderate reducing conditions
and the black Chattanooga would indicate extreme reducing conditions.

Intraformational conglomerates (8P-3), slump features (6M-2. 6M-i),
calcareous-articulate-brachiopod impressions preserved in black shale
along with pellets and flakea of light-colored mudstone and some sand
(8P-3), absence of bedding, lenticular beds and poor sorting all suggest
that minor disturbances caused considersgble shifting of uncensolidated
and semi-consolidated mud across the sea floor during the time of
deposition of the Chattanocoga and Maury shales in this area.

Two localities, 8P-3 and 11T-1, have yielded identifiable articulate
brachiopods, pelecypods, ostracods and trilobites. The collection from
locality 8P-3 is from an interval less than 1 foot thick in an intra-
formational conglomerate. The collection from 11T-1 is from the lower
part of a greenish-gray silty-claystone unit., These fossils, rare in
the Chattanooga shale, may afford supporting age data and possible
paleocecological interpretations from a heretofore unusable type of
evidencs.

Phosphate nodules and chert beds have wide distribution in the region
investigated. The shale intervals that contain phosphate are low in
uranium. Bedded "phosphate™ has been suspected in tﬁe Chattanooga shale
in northeast Alabama and northwest Georgia, but an analysis of the
*phosphate®” from locality 7N-52 shows it to be chertified shale, containing
85.7 percent SiO (much of it as chalcedony), 0.30 percent K20, 0.1l per-
cent P205 and 0.012 percent U. At this locality thin layers of chert are
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confined to a 4-foot interval in which they alternate with shale.

North of Knoxville, Tennessee, and in the belt of oatcrop along
the west edge of the Great Smoky Mountains (11T-1), the Fort Payne
chert and Maury formation grade laterally into the Grainger shale. The
Chattanooga shale here is sandy and progressively thicker northward as
it interfingers with clastic geosynclinal sediments. The uranium con-
tent of the shale in this region is very lowe

A sample of highly weathered coalified material from the top of
the Maury formation at 8N-2 is swrprisingly high in rare earth content.
The coal, less than 0.1 foot thick, contains about 10 percent ash, 1 to
5 percent of which is yttrium. The amount of coal is smgll, probably
representing burial of only one or two isolated logs.

Next to the Chattancoga shale, the most highly radicactive unit
in the region investigated is the Silurian Red Mountain formation, which
locally is as much as one half as radioactive as the Chattanocoga. This
formgbion directly underlies the Chattanooga shale or Maury formation
over much of the area in the southern Appalachians.

Eastern black shale reconnaissance
Je Fo lI)’ser;pper

A review of the literature to collect and summarize data on the
black shale east of the Mississippi River continued with the compilation
of available information on the New Albany shale of Indiana and the
Misenheimer and Mountain Glen shales of Illinois.

Information also was compiled on the Dunkirk shale in western and
west-central New York. A map of this area was constructed showing the
variations in the radiocactivity of the Dunkirk shale. Work iz in progress
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on a map showing the variations in thickness of the Marcellus shale
and the relationship of the Tioga bentonite to the Marcellus shale

and to the underlying Onondaga formation.

Asphaltite and petroleum investigations

Asphaltic rocks in the western states
by
W. J. I{ail’ JI'.

Uranium analyses have been completed for all the samples of
asphalt-bearing rocks collected during the 1953 and 1954 field seasons.
The index map (fig. 39), shows the location of the 45 selected areas in
the western states from which samples were collected. The samples were
taken from 2, geclogic formations representing rocks of Ordovician,
Pennsylvanian, Permian, Triassic, Jurassic, Cretaceous, Paleocene, Focene,
Miocene, and Pliocene age. Host rocks containing the asphalt include
sandstone, conglomerate, arkose, limestone, and diatomite. Analyses of
selected samples shows that uranium is concentrated as an organo-uranium
camplex in the asphaltic portion of the sample and not in the rock residue,
’ Uranium was found in asphalt-bearing rocks in all of the L5 areas
examined in the western states, in average concentrations ranging from
0.001 to 0.376 percent in the ash of the extracted oil. Deposits in
seven of the areas yielded samples significantly high in uranium in the
ash of the extracted oil. These areas, listed with the uranium content
of their richest samples, are: Chalone Creek (0,50 percent uranium),
MeKittrick (0.15 percent uranium), Edna (1.9 percent uranium); and Los
Alamos (033 percent uranium) areas in Californiaj Vernal area, Utah
(0.15 percent uranium)j;Sulphur area, Oklahoma (0.22 percent uranium);
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and the Ellis area, Missouri (0.40 percent uranium). The average
uranium content of samples from these seven areas ranges from 0.028
percent in the Vernal area, to 0.376 percent in the Edna area. All
the deposits except these in the Chalone Creek area contain large
estimated reserves of asphalt-bearing rock, ranging from 15,000,000
tons to almost 2,000,000,000 tons. The most uraniferous deposits
found are in the Edna area.

The average uranium content of samples from thirteen other areas
ranges from 0.020 to 0.068 percent in the ash of the extracted oil.
These areas are: Point Arena, Santa Cruz, San Lorenzo Creek, San
Ardo, Bradley, Casmalia, and Goleta areas in Californiaj; Sunnyside area,
Utahy Muddy Creek and Jameson Ranch areas, Wyoming; Santa Rosa area,
New Mexico; and the Cameron and Lawton Township areas in Oklahoma.

Uranium in asphaltite and petroleum
A. T.bgiyers

A total of 728 chemical determinations were completed on 293
samples during this report period, and semiquantitative spectrographic
determinations were completed for 18/ samples. A distribution by
sample type and constituent is shown in table 19.

The major effort of the project during this report period was
directed toward the completion of anglyses of selected petroliferous
rock and crude oil samples in comnection with studies of uranium in
asphaltic rocks and petroleum in western states.

The analyses of over 150 samples of crude 0il collected from wide
geographic and geclogic enviromments were completed, with the exception
of seme supplemental duplicate samples, and recently submitted samples
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Table 19. Distribution of sample types and constituents in
asphaltite. and petroleum samples

Sample Type No. of Samples
Petrolifercus rock 216
Crude oil L
Asphaltite
Total 293
Constituents No. of Determinations
Percent oil 1 212
Percent Ash (of oil) 267
Percent U in Ash (of oil) 21
Percent U 2/ 3
Other 3/ 2
Total 728

1/ Refers to material extracted by a hot solvent composed of 75 per-
cent benzene, 15 percent acetone, 10 percent methanol.

2/ Other than in oil ash.

3/ Percent eU rock residue, ®API Gravity.

from new localions needed to fill gaps in information.

Studies of asphaltite pellets and oil extracted fram the same
rock show some interesting inter-relationships, indicating that the
pellets may have been derived from the oil. It also was found that
the uraniwm was concentrated in the organic fractions of the samples
and not in the host rock. Use of thermal diffusion techniques to con-
centrate the metalliferous fractions in theses oils for further study
are being continued.

Study of the loss of metals on ashing of different types of cruds
oil and other organic substances is nearly completed.

A paper, entitled "Properties of Perphyrins in Petrolewm®™, by
He Ne Dunning and Jo. W. Moore of the Petroleum Experiment Statien,
Bureau of Mines, Bartlesville, Oklahema, and A. T. Myers of the USGS
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was published in the September 1954 issue of Industrial and Engineering
Chemistry.
Uranium in petreoleum ir the western United States
He Jo Hyden a.zg N. W. Woods

Laboratory work on samples of crude o0il and oil field brines from
a few oil fields in the western United States is in progress. Samples
are ashed and the ash is split into twe parts. One part is analyzed
fluorimetrically for uranium, and the other part is analyzed spectro-
graphically for other trace metals. Since the last report (TEI-490)
55 0il samples have been ashed and analyzed for uraniur. A total of
840 semiquantitative spectrographic analyses have been completed on
1L samples of the ash of crude oils, and 126 quantitative spectrographic
analyses have been completed on 42 samples.

Uranium in crude oils

The average uranium content in the ash of the crude oils, computed
from the data available, is 27 pmm in sandstone reservoirs and 20 pmm
in limestone reservoirs (table 20).

The content of uranium in the crude oil from the Nowata oil field,
Oklahoma, is the largest of all crude oils and refinery products analyzed
for this investigation. The average content of uranium in the crudes in
sandstone reservoirs in Oklahoma is 81 ppm, which is much more than in
crudes in other states. If the two samples from the Nowata field are
excluded the average content of uranium in 11 samples is only 17 pmm.
Moreover, the average content of uranium in sandstone: reservoirs in
the total of 63 samples is influenced considerably by the two samples
from the Nowata field; the average is 27 ppm but if the two samples are

excluded the average is only 15 pmm.
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Table 20. Average content of uranium in ash of the crude oils from

sandstone and limestone reservoirs

Location Reservoir No. of Average content
rock es of U, (r
Rocky Mountains

Wyoming sandstone 26 10
limestone 11 1

Montana sandstone 5 32
Utah sandstone 6 6
Colorado sandstone 2 38
New Mexice sandstone 1 18
Sub total sandstene 40 14
limestone 11 11

Mid-Continent

Oklahoma sandstone 13 81
limestonse 3 ‘13

Kansas sandstone I 14
limestone 10 28

Arkansas sandstone L 6
limestone 1 65

Texas sandstone 2 17
Sub total sandstone 23 52
limestone 14 28

Total sandstone 63 27
limestone 25 20
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Following is a list of samples that contained much larger than the

average amounts of uranium:

Field State Producing bed ppn U
West Atlantic Arkansas Smackover limestone 65
Wilson Creek Colorado Entrada sandstone 70
North Oregon Basin Wyoming Tensleep sandstone 75
Bears Den Montana Sunburst sandstone 100
Brewster Kansas Arkbuckle limestone 213
Nowata Oklahomsg Bartlesville sand LOO
Nowata Cklsghoma Bartlesville sand 450

Uranium in oil field brines

The uranium content of 11 of 41 samples of brine from oil fields
in northeastern Oklahoma and eastern Kansas ranges from 3 ppb to less
than 1 ppb. The uranium content of 21 other samples of oil field brines
and water used in water-flooding operaticns in the Nowata oil field in
Nowata and Rogers Counties, Oklahama, ranges from 6 ppb to less than
1 ppb. The uranium content of brines of this oil field is probably no
higher than the average content of surface waters.

Uraniwm in refinery residues and refinery coke

Of the 13 samples of refinery asphalt residue and 3 samples of
refinery coke analyzed for uranium content, 11 contained 10 ppm uranium
or less. A residue sample from a refinery at Casper, Wyoming contained
230 ppm uranium, which is the largest content of uranium of all refinery
samples. The crude oil processed by this refinery is produced in the
Salt Creek, Wyoming field. Analyses of samples of crude oil from the
five main oil-producing zones st Salt Creek, however, showed the ura-
nium content in the ash to range from 2 to 8 ppm. It is possible that
additional sampling and analyzing of crude oils in the supply area of
the refinery may reveal the source of the uncommonly large uranium con-

tent in the refinery residue.
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Variation in quantity of ash

Crude oil samples from 2 wells, producing from a single reservoir
in an oil field, were collacted from 13 oil fields to obtain data
concerning the constaney of uranium content from well to well. Following

is a summary of these data for the pairs of wells:

Maximum difference of uranium in ash 190 ppm
Minimum difference of uwranium in ash o1l ppm
Average difference of uranium in ash 23 pm
Maximum difference of ash in oil ;12 pm
Minimun difference of ash in oil 2.7 pmm
Average difference of ash in oil 201 pmm

Re-ashing of several samples of crude oil is under way to obtain
data on the religbility of the ashing procedure. The uranium content in
the ash of crude oil rather than the uranium content in oil is used in
this statistical investigation because the variation of uranium in the
ash in a given oil pool is smaller than the variation of ash in the crude
oil,

Relationship of uranium and nitrogen content

Vapadium and nickel porphyrins have been identified in crude oils
by other workers {Skinner, Ind. Eng. Chem. 44, p. 1159; Hodgson, AAPG,
Vo 38, no. 12, p. 25723 Dunning, Ind. and Eng. Chem., Ve 46, ps 2000).
Porphyrins are nitrogeneous metallo-organic complexes. A statistical
comparison of the quantities of uranium and nitrogen, shown by the
analyses of 29 sumples of crude oil (see table 21), was made to obtain
data on the possibility of g uranium-porphyrin complex in crude oil.
Determination of the nitrogen content in the samples of crude oil was
made by the U. S. Bursau of Mines at Laramie, Wyoming. If appreciable
guantities of uraniuwm-porphyrin complexes are present in the crude oils,

a large quantity of nitrogen should also be present. This condition
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should produce a pesitive correlation coefficient. However, the data
in table 21 produce a very small negstive correlation ccefficient. A
conclusion is suggested tentatively, therefore, that uranium is not

present in crude oil in a porphyrin complex.

Table 21. Uranium and nitrogen content of 29 crude oils

pm U ppn U

Sample in ash Percent N Sample in ash Percent N
No. of oil in oil No. of oil in oil
1 1.0 169 17 L7 23
2 5.0 .018 18 2.6 «23
3 40.0 .35 19 2.5 .092
4 1.0 .14 20 31.0 <084
5 13.0 22 24 24.0 .05
6 75.0 35 22 12.0 125
7 22.0 35 23 4.0 «103
8 6.0 42 2 6.0 «075
9 905 ohe 25 65.0 021.}

10 2.0 17 26 12.0 «098
11 1.6 3 27 23.0 0Ll

12 3.6 «28 28 19.0 .035
13 24.0 25 29 10.0 049
1 1.5 .18

15 lek 2

16 3.0 43

Correlation coefficient U and N: —,01124

Geochemistry of uranium-bearing carbonaceous rocks
by
I. A. Breger and Maurice Deul

Colorado Plateau studies

Investigations of various types of carbonaceous materials that occur
in the Temple Mountain region, Emery County, Utah, were continued in order
to determine their relationships to the uranium. Studies of the crude oils

were completed using the samples shown in table 22. These samples were
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Table 22. Samples of oil giudied

Seurce Description

AEC No. 8 mine, north workings 1/  Seep through uraniferous zmone.
Consistenzy of taffy.

Marsh Bank Canyon 2/ Seep through uraniferous zonse.
AEC No. 5 mine 3/ 0il seep on mine wall.
AEC No. 4 mine 3/ Oil-impregnated sandstone.

i/ Collected by Lo Stieff and T. W. Stern, U, S. Geological Survsy.

2/ Collected by A. D. Weeks, U. S. Geologicsl Survey

3/ Collected by I. A. Breger and M. Deul, U. S. Geclogical Survey.
fractionated and analyzed tc yield the data of tables 23 and 24, Because
asphaltenes may contain from O to 11 percent sulfur, the fact that the
asphaltenes from the four oils examined from the Temple Mountain area
contain very similar percentages of sulfur (5.1, 5.7y 5.7, 6.3) makes

it appear that all these oils were probably derived from the same pool.
Uranium contents ranging from L5 te 310 ppm in the oils probably reflect
the migratory history of each oil,

Becguse oils from nonuraniferous regions ares known to contain
negligible azmounts of wranium, it is suggested that reconnsissance for
uraniun might possibly be carried out by analysis of eoils that may occur
in wraniferous provinces. O0ils that contain apprecisble percentages of
uraniwn might then be used as guides to urazium ors. Use of a uraniferous
oil as an ore guide would be based on the sssumption of very narrow areal
movement of the oil.

Carbonsceous pellets collected in the AEC Ne. 4 mine have been hand-
picked from about 50 1bs. of sandstone matrix. Examination of a polished
section made from one of the larger pellets shows disseminated quarts,
fine-grained pyrite, and small gmounts of galena. Analysis of carbon-
hydrogen data for six pellets indicates that the materisl is coaly in
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Table 23. Analysis of asphaltenes

Marsh Bank
AEC No. 4 AEC No. 5 . __ Canyon = AEC No. 8

Ash, percent 0.34 0.28 1.83 1.07
Uranium, percent 0,000147 0.0221 0.0386 0.0922
Carbon, percent 82.21 82.84 82.71 83.31
Hydrogen, percent 792 8 Ly 8.2, 94l
Nitrogen, percent 0.98 1.07 0.40 1.0
_Su].f‘lr’ percent 5.7 501 5.7 6.3
Oxygen, by differ-

ence, percent 3.2 265 3.0 ———

Table 24, Distribution of uranium in the oils from the Temple
Mountain area

Marsh Bank
AEC No, AEC No. Canyon _ AEC No. 8

Original oil

Uranium, percent 0.0000438  0.00LL5 0.0137 0.0310

Asphaltenes, percent 22.7 16.2 22.5 27.8
Asphaltenes

Uranium, percent 0,000147  0.0221 0.0386 0.0922

Ash, percent 0.34 0.28 1.83 1.07

Uranium in ash, percent 0.0432 7.89 2.1 8.62

Percent of uranium in original

oil held by asphaltenes,

percent. 76.2 80.5 63k 82.6
Uranium in extracted sandstone,

percent 0.00020 — — ——
nature. While carbon- hydrogen snalyses alone prove very little, the
vacuum differential thermal analysis curve of the one sample that has been
run is practically identical with curves for low-rank coals. Gilsonite,
wurtzilite, Argentine asphaltite, etc., give differential thermal analysis
curves of a completely different character from that obtained from the

peliet,
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Ore grade uraniferous sandstone impregnated witn carbonaceous
material is common in the Temple Mountain area. Studies to determine
the relationship of the uranium to the organic and inorganic constituents
of the ore from the AEC No. 9 mine continued. Analysis of stripping
f£ilm exposures prepared from thin sections of the ore showed that:
{1) there is no concentration of tracks at the boundaries between the
carboraceous mgterial and the mineral fragments. This shows that the
vranium is not present in the ore as a coating on the mineral grains;
{2) there is a dispersion of alpha-particle tracks throughout the car-
bonacecus material; and (3) the quartz and pyrite grains are practically
devoid of tracks. Vanadium minerals show some tracks but not nearly as
many as appear in the carbonaceous material.

Specimens of ancient buried wood in various stages of degradation
were exposed to circulating solutions of uranium at elevated temperatures
to determine changes effected in cellular structure and the sites of
gbsorption of the uranium. These studies are designed to obtain information
regarding the nsture of the solutions that may have carried uranium into
the Colorade Plateau region, and are being followed by comparison of changes
effected in the wood during laberatery studies with those neted in studies

of uraniferous coglified wood from the Colorado Plateau.
Uraniferous coals

Preliminary studies were carried out on coalified wood from the
Mgury shale collected in Tennessee, This coalified wood, of lower
Mississippian agegcontains approximately 10 percent ash that, in turn,
containz all of the rare earths but premethium. Besides 0.16 percent U
in the ash, Y. Mn, Gd, and Nd are present in the 1 to 5 psrcent range.

Studies of these coalified logs are continuing.
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Twenty-one samples of coal flora that are living equivalents of
Paleozoic and Tertiary plants were ashed and analyged spectrographically
by the semiquantitative method. The data are now being analyzed in an
attempt to apply this fundamental information to the problem of the origin
of ash-forming ingredients in coal. The major constituents of the plant
ashes are the alkali metals, Na, K, Mg, and Ca, but in coal ashes these
elements are usually minor, Fe, Al, and Si being the major elements present.
The fate of the trace elements present in the plants, as found from analyses
of plant ashes, during degradation and coalification has not been determined,
but certain deductions can be made: (1) copper is present in plant ashes
in amounts greater than that in most coals; (2) germanium has not been
detected in any of the 21 plant ashes analyzed. This indicates that for
plants to accumulate germanium a recycling of plant nutrients must be
effected; and (3) the low iron content of the plant ashes, as compared to
that of most coal ashes, shows that there has been a great enriclment of

iron from the time the coal flora were living through the end of coalificatione
Chattanooga shale

Experiments in the separation of uranium-rich fractions from carbonaceous
shales were continued using an air jet pulverizer. By use of this grinding
technique, a head sample of Chattanooga shale containing 0.010 percent U
yielded an extremely fine-grained product containing 0.0129 percent U.

This sample was further fractionated into six fractions by air elutriation.
Analysis of the samples are given in table 25.

These data support previous conclusions that the uranium is now pre-

sent in the Chattanooga shale as a celloidal phase disseminated through

the matrix of organic material. To test this hypothesis, & 100-g sample of
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Table 25. Fractionation of Chattanocoga shale

Percent,

Description of sample ef Total Percent U Mg U
Original 100.0 0.0129 1429
Coarsest fraction (cone 2) 56,0 0.012), C.69.
Cone 3 8.1 {.0118 0.096
Cone 4 549 0,018 0.070
Cone 5 ho9 00,0109 0053
Cone 6 A.Z 0.@.25 00052
Finest fraction (filter

paper) 2C.9 0.0136 00284

On a2 mass balance this is g recovery of 1.25 mg U from g 1.29-mg

charge -~ a 97 percent recovery.
Chattanooga shale, ground for 1200 hours in a ball mili with pebbles
and water only, was mixed with additional water and permitied to settle
and sediment for about 10 days at the end of which time the Tyndall
effect was observed to be about the same at the top and the bottom of
the column of supernatant liquid. This indicabted that ail the larger
particles had seltled and that ornly truly colloidal particies were left
in suspension. Fifteen hundred milliliters of supernatant liquid was
siphoned from the column, each 10C ml of which yielded agbout 70 mg of
dry residus upon evaporation. Although the uranivm content of the dry
residue is only 0.00785 percent, much of the material was known to consist
of soluble salts as indicated by an X-ray diffraction pattern which showed
the presence of gypsum and plaster of paris as major constituents. Quartz
and some unidentified materials were present as minor and trace constituents.
In order to separate the soluble salts from the suspended coliloidal material,
100 ml of the supernatant ligquid was dialy=ed using three changes of
doubly distilled water over a 48-hour period. Upon dialysis the dried
residue weighed only 3.5 mg but contained 0,019 percent U. Again this

indicates a concentration of uranium in the finest fractions of pulverized
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Chattanooga shale. A mass balance for uranium cannot be cemputed
because some uranium may pass through the membrane .during dialysis.
It is likely that seme of the uranium was rendered soluble during
grinding to colloidal sizes in the presence of sulfides and axidized
sulfides.

Sharon Springs member of the Pierre shale

A sample of the Sharon Springs shale higher in uranium content
than other samples from the same formation has been fractionated by
ball mill grinding in mixed liquid media. A preliminary separation
did not yield good mineral and organic concentrates as fractionation
was complicated by the presence of abundant pyrite, about 28 percent
by weight, some of which had oxidized to form soluble sulfates. The
behavior of the finely ground material in water and kerosene was quite
different from that of the other shale samples previously tested because
the colloidal properties of the mineral-water and carbonaceous matter-
kerosene systems were modified by the presence of the strong electrolytes.
Analyses of the orginal shale and separates, given in table 26, indicate
that further separation is required before any conclusions can be drawn
regarding the association of uranium with the organic or mineral separates.
While carbon and hydrogen analyses are useful for determining how com~
plete the separations are, ash determinations are no criteria because
most of the pyritic sulfur is lost during ashing. Hence, the fraction
with highest concentration of pyrite may show a corresponding decrease
in ash content. The peculiarities of behavior of this sample are not to
be taken as typical of the Sharon Springs shale which elsewhere does not

show a large percentage of pyrite.
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Table 26, Fractionation of Sharon Springs shale

Percent Percent Percent Percent  Percent

Description of sample U H c __Ash S
Original shale 0.,0122 1.23 8404 The53 14.89
Organic fraction 00128 1.78 15.78 55439 -
Miineral? fraction 0.,0143 1.30 8.24 7832 ———
mMiddlings® froction 00,0068 1.00 2.18 72.98 —

Four carbonaceous shales have now been studied in some detail. In

the cases of the Chattanooga shale and the shale from the Phosphoria
formation, a concentration of uranium with the finest particle sizes
indicates that the uranium is present as a separate colloidal phase.
In the case of the shale from the Dakota sandstone, there is a marked
association of uraniwm with the organic fraction. Finally, study of a
sample of the Sharon Springs member of the Pierre shale indicates that
the wranium may be associated with a mineral fraction.

From these considerations it appears that other than carbon content
or content of organic material play important roles in determining how
uranimm may be present in a carbonaceous shale.

During the period covered“ by this report the following papers were
published:

Breger, I. A., 1954, Geochemistry of naturally occurring carbonaceous
substances; Transe Ne Yo Acade Scie, Sers 2, ve 17, pe 1-6.

Breger, I. A., Deul, M., and Rubenstein, S., 1955, Geochemistry and
mineralogy of a uraniferous lignite; Econ. Geol., V. 50, p. 206-226.,

The following paper was issued by the Technical Information Service
of AEC as a sales item:

Cuttitta, F., and Brittin, E., Retention of uranium during oxidative
ashing of naturally occurring carbonaceous substances; TEI-461.
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URANIUM IN PHOSPHATES

Northwest phosphate

Facies and oil possibilities in the Phosphoria and Park City
formations in eastern Utah and southwestern Wyoming
T. M. gieney

The rocks of the Park City and Phosphoria formations of Permian
age change progressively from phosphorite, chert, and carbonaceous
mudstone in the miogeosynclinal area to carbonate rock, sandstone, and
redbeds in the platform area. In southeastern Idaho and Wyoming, the
facies change is from west to east. In eastern Utah, however, this
facies change is from north to south: in this direction, the upper
part of the phosphatic shale member of the Phosphoria formation grades
progressively from phosphorite to phosphatic mudstone to chert and
slightly phosphatic mudstone, and to cherty carbonate rocks and sand-
stone. The latter are classed with the upper member of the Park City
formation.

The variation in facies from north to south across southwestern
Wyoming and northeastern Utah is such that it may be favorable for the
accumulation of oil in stratigraphic traps, especially on the north
flank of the large Uinta Mouz;tain anticline. The geologic enviromment
seems somewhat similar to that in the Big Horn Basin in central Wyoming

where oil is now being produced from Phosphoria equivalents.
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Variation in composition of phosphate rock
with depth in the Conda mine
Lo Do Carswell a.ndbg. A. Gulbrandsen

A study of the physical and chemical composition of the minable
phosphate beds at the surface and at lower levels in the Anaconda
Copper Company mine at Conda, Idaho, indicates that several significant
changes occur with increasing depth. Color changes with increasing
depth from light gray and brown to very dark gray; hardness changes
from soft and crumbly to hard; and bulk specific gravily increases
from about 2.35 at the surface to at least 2.75 at nsarly 1,000 feet
down dip. Major chemical changes with depth are a decrease of about
L percent in P205 content, an increase of about 3 percent in organic
matter, and of about 5 percent in loss on ignition. Fe03 increases
from about .45 percent to about .7 percent. Zinc increases markedlys;
although the amount of increass is not known quantitatively, it may
be about double the surface value. No significant change in uranium
or vanadium content with depth was noted., Other than the presence of
calcite at depth, no minsralogic changes were apparent.

The changes in physical and chemical composition are not directly
proportional to depth throughout. It appears that at a depth of about
700 feet the rocks are almost as weathered as they are at the surface;
below 700 feet changes in composition appear to be directly proportional
to incressing depth. The trend of the changes in composition suggests
that the changes will contimue to a greater depth than has now been

attained.
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Southeast phosphate

Exploration
by
W. L. Emerick

Radiocactivity logging of drill holes

A total of 132 holes aggregating 5,207 feet were logged by the
gama~ray unit during the period. The cumulative total for the gamma-
ray unit is 3,593 holes totalling 128,172 feet.

Construction of three simulated drill holes, each containing a
layer of different grade of radioactive material, was completed
during the period for calibration of the gamma-ray unit.

Economic geology of the land-pebble
phosphate deposits, Florida
Jo Be EZthcart

A generalized map of the thickness of the aluminum phosphate zone
(fige. 40) shows clearly the absence or thinning of the zone along pre-
gsent streams, the erratic, spotty thickness on the ridges, and the
thickening of the flat woods area between the crests of the ridges and
the valleys. The three-foot isopach line is shown because material
less than three feet in thickness is not considered minable. The 15~
foot isopach line indicates thickest areas.

Numerical representation of the relationships between chemical con-
stituents of the aluminum phosphate zone by means of coeffici;nts of
correlation shows a general tendency toward positive correlation between
uranium and phosphate; therefore, samples or areas high in uranium are

likely to be high in phosphate. The relations between uranium and alumina
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and calcium are not as well known; however, indications are that
correlations are positive, but of lesser magnitude than the correlation
between uranium and phosphate. Correlations between uranium and silica
(or acid insoluble) are negative because silica is the principal diluent
in the gone. Uranium is associated almost exclusively with the phosphate
mineral, and uranium content varies with nodule size and phosphate con-
tent. Highest uranium contents are in the coarsest nodules which
generally contain the smallest amounts of phosphate.
Geologic study of phosphate deposits and their Wleached zones®
in the northern half of Florida
G. H. Espenshade Zﬁa L. A. Brubaker

Field investigation in Florida was confined mostly to two areas:
the hardrock phosphate district in Hernando, Citrus, Marion, and Levy
Counties, and an area of Hawthorn(?) outliers southeast of Ocala, Marion
County.

Work in the hardrock district was directed toward getting a better
understanding of the characteristics, distribution, and geologic control
of these secondary phosphate deposits, as well as data on the distribution
of uranium in the different types of phosphatic materials: (1) the phos-
phatic sands overlying the deposits, (2) hard secondary phosphate (the
commercial product), (3) soft secondary phosphate, and (4) relic phos-
phate pellets. The hard and soft secondary phosphates are usually
associated, mixed with variable amounts of clay and sand. The soft phos-
phate is generally more radiocactive than the hard phosphate. The soft,
clay-size phosphatic material, clay, and sand are removed in the benefi-

ciation process and stored in slime ponds. After drying this material
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is re-excavated and seld as soil cenditioner ("soft® or Mcelloidal"™
phesphate).

Rocks in the hardreck district are thoroughly weathered, and
exposures of fresh material are scarce. Nearly all pstregraphic and
stratigraphic data must be obtained frem phesphate pits and drill
holes, Twenty drill holes tetalling 1,307 feet were put down with a
Jjeep-mounted mobile auger drill. Samples were taken fer stratigraphic
purposes and for analysis, and the holes were logged with a gama—ray‘
scintillation logger. Drilling records of the mumerous heles of the
phosphate prospecting program of the Tennessee Valley Autherity, and
of the holes drilled by the Corps of Engineers aleng the prepesed
ship-barge canal route acress Flerida, are currently being studied.
Field investigations in the hardreck phesphate district should be
finished in the fall of 1955. The tentative view on the origin eof
these secondary phosphate depesits is that they have been derived by
cemplex processes of weathering and eresien from phosphatic Miecene
sediments which formerly extended over the area (essentially the origin
first proposed by Sellards). Relic phosphate pellets similar to those
in the Hawthorn and Bone Valley formatiens can be found in many of the
phosphate depesits.

In the area of Hawthorn(?) outliers extending southeast frem Ocala
to Summerfield, most of the radioactive anemalies discovered by an
airborne scintiliometer survey (Moxham, R. M., 1954, Airberne radie-
activity surveys for phosphate in Flerida: U. S. Geel. Survey Circ.
230, pl. 1) were examined. Ten auger drill holes teotalling 335 feet were
put down on three of the strongest anomalies; samples were taken and
gamma-ray logs made., High radieactivity is associated with phesphatic
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materials. Very pereous, white uranifereus phesphatic sandstene is
camonly feund on the surface, and was cut at shallow depths in a few
heles; it is evidently the weathering residuum of pellet pheosphate
reck. Uranifereus phosphate pellets in s matrix ef clay with sand eor
lime were found in several heles, and alse on the surface in places,
particularly aleng dirt reads. The areas ef phosphatic sediments are
moatly on higher greund and are probably outliers of the Hawthern
formation (Ceoke, 1945, Geologic map of Florida).

Occurrence of uranium in phogphate depesits

by
Z. Se. Altschuler, P, S. Clarke and E, J. Young
Laboratery studies

A study was made of the uranium distribution and mineralegy ef
slag from an elemental phosphorus furnace. The slag is entirely x-
pseudowellastonite. The crystals that develep first ferm a mesh of
euhedral laths within which equant, subhedral laths are lator depesited.
The last phase te crystallize ferms fibreus masses in the remaining
pere space. Calcium and aluminum contents increase slightly in the later
phases and the X-ray patterns ef the phases change pregressively.
Spherules ef FeQP eccur sparsely threugheut, as inclusions frem the
normally immiscible iren phesphide slag. Uranium centent increases
pregressively in the later phases and as specific gravity deos alse,
it is pessible te ebtain a cencentratien ef mere uranifereus material
by heavy liquid fractiemation.

During the preceding repert peried it was shewn that appreximately
80 percent of the tetravalent uranium in apatite ceuld be recevered.
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In this peried it was established that the lack of camplete recovery is
due to fluoride cemplexing U¥4. Twe sets of experiments were made to
limit this effest by complexing flueride with aluminum and berate. Both
approaches resulted in cemplete recovery with synthetic apatite but
yielded erratic results with natural materials. It is believed that the
poor results with natural apatites are due to indirect effects on the
Fe2 —F&3 ceuple which in turn affects the Us -9, A few last experiments
are being tried before these studies are terminated. The 80 percent
recovery was obtained with good censistency.

The beneficiatioen ef uranium and individual mineral components
by differential flocculation and settling was studied in fractions ef
aluninun phosphate zone rock submitted frem the AEC. It was found that
good upgrading could be obtained but that recovery was low and that it
was impessible te obtain completely pure mineral separates even in the

CoX micren range.
Field studies

The relations of the alumimm phesphate zone to marine terraces,
regional uplift, and soil profiles were studied in the field.

Several terrace levels have been mapped in the Land Pebble Field.
(F. S. MacNeil, "Pleistocene Shoralines'in Florida .and Georgial, USGS
Prof. Paper 221-F, ppe. 95-107). The higher ones are less distinct than
these closer to sea-level, and within the area enclosed by the higher
terraces. The loose sand mantle was found to be mainly a residuum of
lateritic weathering. Samples were collected above and below the pro-
posed terrace scarps at several localities for size and heavy mineral

anglyses.
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The stream capture ¢r stream diversion just north of the Land Pebble
Field indicates Pleistocene or Recent uplift. Attempts were made te
obtain precise barometer elevations across the area of the stream capture;
however, as the area is urmapped this was not possible due to the lack of
control and the large areal variation in atmospheric pressure. Samples
were collected from the bed load and the valley terrace fill along the
Withlaceochee and Hillsboro Rivers, as it is possible that study of the
size and heavy minerals of these deposits will reveal different source
materials at different periods in the stream histories,

Examinagtion of ground water pedzols throughout the Land Pebble
Field revealed that they are now in process of destruction in many
localities and that their iﬁportance as agents in the leaching and
weathering that produced the aluminum phosphate zone is greater than
is apparent from their present distribution. Normally ground water
podzols are dense, black organic accumulstions with perfectly level
upper boundaries. In many areas irregular, brown, patchy accumulations
of iren or humic cemented sand are overlain by bleached and exidized
_ sands; however, a very level zone of indurated, platelike masses frequently
surmounts this type of prefile and in two instances this has been traced

laterally into-a typical ground water pedzol.
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URANIUM IN NATURAL WATERS
by

P. F, Fix

The initial preparatory plmseé of the preject concerned chiefly
with formulation and standardization of trustworthy techniques under
known conditions in uraniur-mining districts have been completed;
testing them as a means of appraising new areas of unknown possibilities
is in progress.

Newly discovered secondary uranium deposits in tuffaceous sand-
stones and shales of Tertiary age located in the Tordilla Hill area
of the coastal plain near Karnes City, Texas, were studied in March.

In addition to intensive investigation ef‘ an area extending 50 miles
along the strike of the formation in Karnes, Gonzales, and adjacent
counties, preliminary reconnaissance studies were made in the nearby
drainage basins of the Nueces and Arkansas rivers, and in the Llano-
Burnet uplift in Central Texas, where faveorable occurrences of uranium
were reported recently,

Tentative appraisal, based on laboratory reports for one-third of
the samples, includes: (1) close agreement with the pattern of faulting
mapped by Bailey (Univ. Texas Bulletin No. 2645, 1926), except that the
water samples suggest in addition the presence of one major and several
minor faults northeast of Tordilla Hill that seem to be loci of wranium
mineralizationy (2) indication that the entire area occupied by these
formations is anomalously uraniferous and merits careful consideration
for exploration; (3) the probability that most, and possibly all, of
the uranium has been leached frem tuffaceous strata now removed by eresion,

and redeposited in lower beds by ground water circulating downward aleng
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the faults and laterally in permeable sandstone beds; and (4) close
agreement with available results of airborne radiometry, except that

the water samples suggest a greater extent southeastward, and a
possibility of uranium mineralization in sandstone beds northeast of
Tordilla Hill at depths of 40 to 65 feet below the surface. Semi-
quantitative spectrographic analysis shows that anomalous amounts of
molybdenum, arsenic, antimony, and iron are present in the Tordilla

Hill uranium deposits, and that some of the yellow-colored mineralization
results from minerals of iron, molybdenum, and perhaps arsenic rather
than uranium.

Intensive investigation of the headwaters of the Arkansas, Seuth
Platte, and Gunnison rivers in Celorado began, and several streams
containing strongly anomalous amounts of uranium were found. Most
notable of these is Barnard Creek, tributary to the Arkansas River from
the northwest at Cotopaxi. It was found to contain 66 ppb U. This is
the largest uranium content detected to date in g small stream. On the
basis of this high concentration, investigation to find the source of
the uwranium is warranted.

Refinement under close control during the past three years of
standardizatien data for various geochemical enviromments waz continued
in Montana, Wyeming, and Colorado.

Dats were analyzed during periods of weather unfavorabls for field
work, and new cemputations were made of regional and areal background
concentrations of uranium in natural waters incorporating additional
samples. The regional background averages 0.10 ppb U for 108 water
samples from essentially non-uraniferous parts of Colorado, Idahe, South
Carolina, Washington, Utah, Wyoming, Georgia, Florida, and North Carolina.
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The areal background averages 0.80 ppb U, and ranges as high as
2.5 ppb U, for 203 water samples from Montana, Coloradc, Texas, Utah,
South Carolina, Florida, New Mexico, Idaho, Wyoming, and Alaska. The
threshold of anomaly still is thought to be about 1.0 ppb U.

Work for the next semianmm is expected to continue in the same
pattern, with new investigations in Texas, New Mexico, Idaho, and the

Black Hills~northern Great Plains areas.
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RECONNATSSANCE FOR URANIUM IN THE UNITED STATES ¢

Airborne radicactivity surveying
By
W. J. Dempsey

The objectives and program of airberne radiocactivity surveying
have been changed to place major emphasis on the study of radio-
activity patterns with relation to the distribution of radicactive
elements and other geologic problems, and on the development and
refinement of methods of analysis for increased significance of
information. Specifically, studies will be made of the overall dis-
tribution of radicactivity in crystalline terranes, to determine
whether a relationship exists between such distribution and known
concentrations of uranium, and to test geologic hypotheses concerning
the structural and stratigraphic distribution of wranium in sedimentary
terranes.

During the past six months airberne radioactivity surveys totalling

3,490 traverse miles were made in four states:

State County Area Irgverse miles
Mississippi Covington Gwinville 60
L Simpson " 4,50
" Jefferson " 108
” Adams Cranfield 485
n Franklin ” 247
n Jeffersen Davis " 500
" Lawrence " 60
Tennessee Bradley SE Tennesaee 2
" Polk " 901
L] Monrose " 325
Nerth Carelina . Cherokee n 105
Georgia Fannin n 22
Tetal 3,490

The surveys of the Gwinville and Cranfield oil field areas, which
were supperted by Geological Survey funds, were undertaken to evaluate
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the relationship of radiocactivity measurements in the air te oil and
gas accumulation. The area in southeastern Tennessee was surveyed

to study the relationship and distribution of radieactivity in crystal-
line rock areas, and is the first project to fall within the outlines
of the revised objectives of the airborne radieactivity surveying
program.

A total of 2,700 traverse miles of radioactivity measurements
supported by USGS funds was made to obtain basic infermation on the
radicactivity backgreund over various types and locations of terranes
during cross-country flights as follows:

La Place, Louisiana to Moline, Tl1linois

Anthony, Kansas to San Antonio, Texas

Fl Paso, Texas to Egnar, Colorado

Norfolk, Virginia to Charleston, South Carolina

Tiften, Georgia to Jacksonville, Florida

Five Geophysical Tavestigations maps showing the locations of
radicactivity anomalies detected during airborne radieactivity surveys
were published during the past six months:

GP 119 Airborne Radioactivity Survey of the Folkston Area,

Charlton County, Geergia, and Nassau County, Flerida, by
Re M. Moxham

GP 120 Airberne Radioactivity Survey of the Painted Desert Area,
Arizena, by J. L. Meuschke

GP 121 Airberne Radioactivity Survey of the Fort Myers Area,
Charlotte and Lee Counties, Florida, by J. L. Meuschke

GP 122 Airberne Radioactivity Survey of the Gardner Area, De Soto,
Hardee, Manatee, and Sarasota Counties, Florida, by
J. L. Meuschke

GP 123 Airborne Radioactivity Survey of the Ediste Island Area,
Berkeley, Colleton, and Dorchester Counties, Seuth
Carolina, by J. L. Meuschke
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Northeast district
by
Harry Klemic

North Carolinas

Seven uranium occurrences in the Grandfather Mountain window area in
Pisgah National Forest in western North Carolina were examined. Most of
the occurrences are between Morganton and Blowing Rock, near Highways 181
and 321, Several occurrences of mildly radioactive rock were noted in road-
cuts in this area. Torbernite occurs at some of these localities, and small
amounts of minerals that resemble gutunite and uranophane are found at others.
A 1/h-inch veinlet of pitchblende with smgll amounts of galena and pyrite was
found at one locality. One radiocactivity anomaly is in an area of deeply
weathered rock and the radiocactivity may be due in part to thorium.

The number of uranium occurrences, and the fact that many samples of
rock from this area containing more than 0.l percent uranium have been sub-

mitted by prospectors, may be significant.
Tennessee

Three localities in the Cherokee National Forest in eastern Tennessee
were visiteds Two of these occurrences are in non-foliated granite of younger
Precambrian age, and one is in older foliated rocks, near a fault contact with
younger granites, Thorianite is said to be the chief radiocactive mineral at
one of the localities, and thorium may be present at the others. Thin films

of a secondary uranium mineral are found on the rock at one locality.
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North-central district

by
R. Co. Vickers

Michigan

Pitchblende has been identified in specimens of drill core from the
abandoned Francis mine in the inactive Gwinn iron district, Marquette County.
Only a small percentage of the core was available for study, and the sub-

surface location and thickness of the radioactive material are unknown.
South Dakota

Northern Black Hills

Detajled mineralogical studies of samples of uranium-bearing Fall Rivex
sandstone from the Lamberton prospect, sec. 30, To 5 Noy Ro 6. E., Meade
County, disclose that a significant part of the uranium is in interstitial
fine-grained carbonate-apatite. The association of carbonate-apatite with
a sandstone-type uranium occurrence is rather unusual. Samples of the apatite-
bearing sandstone contain as much as 0.007 percent uranium., Minute quantities
of fluorescent uranium(?) minerals are present near some of the weathered
surfaces.

Mineral separations with heavy liquids of 150-200 mesh material show
that samples of the sandstone contain as much as 18 percent apatite. The
extracted apatite contains about 0.3 percent uranium. If the apatite can be
inexpensively separated from the sandstone, the deposits may have conmerical
value because of the large tonnages of apatite-bearing rock presemt at or near

the surface,
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Northwest district

by
P. L. Weis

Of the approximately 420 samples tested for radiocactivity during the
report peried only about 35, or less than 10 percent, contain 0.10 percent
or more =U. The majority of these samples are from the granitic rocks of
the Loon Lake batholith which underlies a large area in northeastern Washington
and northern Idaho. Unusual radioactivity has been found in this area in
limestone, tuffaceous sediments, conglomerates, schists, contact metamorphic
rocks, quartz veins, placer sands and gravels, and spring waters.

Autunite, as visible flakes and crystals, is the uranium mineral most
commonly recogniged in the samples. At least five samples contain uranophane,
two contain carnotite, and one contains schroeckingerite. Sarmarskite and
monazite were tentatively identified in more than ten samples from a number
of places in Washington and Idaho. Euxenite and brannerite have been
tentatively identified from placers in Idaho.

Uranophane has been found along fractures and shears in rhyolites and
tuffs of the Challis volcanic series about 8 miles south of Salmon, Lemhi
County, Idaho. Carnotite has been discovered in Tertiary sediments north of
Winston, Broadwater County, Montana. Autunite was found in a sample of con-
glomerate tentatively identified as the Tertiary Tiger formation rortheast
of Usk, Pend Oreille County, Washington. Radioactivity, which in some material
is as much as 0.23 percent eU, is in the fine, arkosic sand interstitial te
quartz, granite, and schist pebbles and cobbles.

Autunite and samarskite (?) have been found in coarse, gneissic granite
and pegmatite between Sherman Pass and Orient, Ferry County, Washington,

Selected samples contain as much as 0.50 percent eU. A sample of gold-bearing
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quartz from the Beartooth Range, near Red Lodge, Montana, contains 0.36 per-

cent elU.

Coloradc-Wyoming district

Colorado
by
R. U. King and P. K. Theobald

F. M. D. mine, Jefferson County
Radioactivity is highest in a small adit 100 feet east of the main shaft.

A sample from the adit contains 0.21 percent eU, 0.028 percent U, and 0,27
percent copper. A radiochemical analysis of this sample shows that the radio-
activity is due to daughter products of uranium. Samples from a caved adit
275 feet west of the shaft and a prospect pit 200 feet west of the shaft
contain, respectively, 0.019 and 0.021 percent eU, 0.007 and 0.019 percent U,
and 0.32 and 1.79 percent copper.

It is unlikely that the mineralized zone at the F. M. D. mine is on the
same fault that produced the breccia reef at Idledale, discussed below. It
is probably along a parallel fault 3,500 feet north of the breccia reef.
Idledale area, Jefferson County

As a result of continued prospecting of the radioactive breccia reef
at Idledale, ore-grade, uranium-bearing material has been discovered. (See
TEI-490.) One core drill hole intersected the breccia-filled fault zone at
a depth of about 200 feet and an eight-foot interval is reported to contain
0.58 percent U. In the drill core small masses of a black radiocactive mineral
tentatively identified as pitchblende are disseminated in a carbonate and
feldspar matrix that contains angular fragments of altered wall rock and
hematite-stained quartz.
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The mineralogic and structural relationships of the Idledale deposit are
similar to those of the uranium deposits of the Ralston Creek-Golden Gate
area, as described in USGS Circular 320.

Canon City area, Fremont County

Secondary uranium minerals are associated with iroﬁ-manga.nese con-
cretions in the upper part of the Dakota formation (Cretaceous) near Garden
Park, about 9 miles north of Canon City. Uranophane occurs as veinlets in
the interior of elongate concretions in a massive sandstone. The concretions
appear to be confined to one or two horizons near the top of the massive
sandstone. Dark-brown to black iron- and manganese-rich concentric bands
are characteristic of the concretions that commonly enclose lighter colored, .
friable, porous sandstone.

Samples of similar material have been received recently from localities
10 miles to the east and 5 miles to the west, suggesting that the Cretaceous
rocks of the Canon City embayment are favorable host rocks for uranium.

Wyoming

Carnotite minerglization in r Terti rocks, northeast mar of
Hanna Basin, Carbon County, by J. D. Love

Carnotite mineralization was found in an erosion remnant of the north
Park (?) formation along the northeast margin of the Hanna Basin, sec. 11,
T. 24 N., R. 82 W., Carbon Coeunty, Wyoming. This remnant is about half a
mile long, less than one-fourth mile wide, and consists of about 125 feet of
white and light-colored tuff, limestone, conglomerate, sandstone, and clay-
stone. The basal 30 feet is gray waxy bentonitic claystone containing abundant

sandgrains, interbedded with bentonitic gray sandstone. At the north end of
the exposure, both the sandstone and claystone contain carnotite as crystal
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aggregates in fractures and cavities and as disseminated crystals. A l-foot
channel sample of the claystone contains 0.05 percent elU, 0.051 percent U,
and 0.16 percent V205. Analyses are not available on additionsl samples
taken from more radicactive localities in the area. Radioactivity several

times background was observed in the lower 50 feet of section.

Nevada-Utah district

Nevada
by
Jo. F. Powers and W I. Finch

During the latter part of 1954 new uranium discoveries were made in
Miocene-Pliocene sediments throughout the southern half of Nevada. The most
important of these is the Silver Queen property, three miles west of Tonopah.
Unideﬁtified yellow secondary minerals occur along fractures and bedding
planes in Esmeralda bedded pyroclastics and opalite. A twelve-foot channel
sample assayed 0.135 percent U. A moderate tonnage of ore probably can be
obtained from this property. .

Uranium occurrences similar to the Silver Queen property are found in
the Blue Bird claim in sec., 21, T. 7 N., R. 68 E., Lincoln County, in the
Carol R. claims in sec. 21, T. 8 N., R. 32 E., Mineral County, and in the
White Rose claim in East Walker River area, 25 miles south of Yerington,

Uranium is disseminated in water-laid sandy, clayey, or arkosic tuff of
Miocene lake beds in Myer and Lan_der Counties. Uranium minerals are rare as
the element appears to be contained in an indistinguishable phosphate mineral,
possibly fluorapatite. The high—graae ore is most common along weak to
strong shear zones and fractures and is associated with limonite. Carbonaceous

material, gypsum, calcite and other minerals commonly associated with other
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uranium deposits in terrestrial sedimentary rocks are generally absent.
The deposits range from bodies a few feet across that contain a few tons of
ore to bodies several tens of feet across that contain a few hundred tons
of ore., The uranium is thought to have been concentrated by ground water.
New Mexico
by
Re L. Griggs and E. H. Baltz, Jre

Data from the Datil Mountains region in eastern Catron and western
Socorro Counties, in the west-central part of New Mexico indicate that ura-
niwm occurs in a narrow westerly-trending belt about 60 miles long on the
northern edge of the Datil Mountains.

The deposits occur in the Mesaverde formation of Late Cretaceous age
and in the Baca formation of Early Tertiary age. These sedimentary rocks
dip southward at low angles, and at the southern margin of the mineralized
belt are overlain with angular unconformity by Tertiary volcanics of the
extensive Datil-Mogollon volcanic field. The m.’mefaliza.tion is closely
associated with the volcanic rocks.

On the Hook ranch in T. 1 N., R. 5 and 6 W., the deposits are closely
associated with carbon trash in highly permeable sandstone beds in the Baca
formation. The uranium and vanadium content of four samples of beds ranging

from one to two feet thick in this area is as follows:

Chemical Chemical
Location U (percent) V205 (percent)
Sece 18, Te 1 Ney Ro 5 W. 0.26 0.10
Sec. 18, T. 1 N., R. 5 W. 0.31 0.10
Sec. 13, T. 1 N, Re 6 W. 3.27 9.21
Sec. 2L, To 1 Noy R. 6 W 0.19 2.98

Small deposits of minable grade have also been found on the McPhaul
and Drag A ranches in T, 2 No, R. 10 and 11 W. Detailed studies of three
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deposits have been made and the entire area has been mapped on a scale of
1:31,680. At two localities in the area, uranium and vanadium minerals are
concentrated at the contact of thick permeable sandstone and underlying
carbonaceous shale, both in the Mesaverde formation of Late Cretaceous age.
Highest radioactivity is associated with carbonized logs and pilant debris.

At both localities the mineralized rocks are along shallow synclines. At

a third locality uranimm and vanadium minerals are concentrated near the
wedge-edge of a stream channel sandstone at the base of the Baca formation of
Early Tertiary age. The mineralized sandstone is enclosed by overlying
carbonaceous shale of the Baca formation and by underlying carbonaceous shale
of the Mesaverde formation. Surface exposures and drill-hole information
indicate that the rock contains about 0.25 percent U and about 0.35 percent
vanadium and ranges fram 1 to 2 1/2 feet thick.

California
by
H. Go Stephens

Kern River Canyon area

The most significant deposits in the Kern River Canyon area are the
Miracle mine, where an adit more than 350 feet long as been driven along a
vertical, northwest-trel:zding shear in granodiorite; the Kergon No. 1 claim,
where autunite coats fractures in weathered granitic rock, and erratically
distributed patches of black clayey material on the hanging wall of a north-
east-trending fault contain sooty pitchblende (?), fluorite, and ilsemannite;
and the Embree property on Erskine Creek about 10 miles east of the Miracle
mine, where primary uwranium minerals and gumite (?) have been tenmtatively
identified in quartzite adjacent to a quartzite-gneiss contact.
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MoJave mining district

Most of the known uranium deposits near Mojave are grouped south of
Soledad Mountain in T 9 N., Re 13 W. and T. 10 N., R. 13 W. Here autunite
or meta-autunite and probably uranophane coat fractures in Tertiary volcanic
and sedimentary rock and in Jurassic (?) quartz monzonite. Two deposits of

autunite about 2 miles apart occur in the quartz monzonite footwall of an
east-trending fault that can be traced for about 1 mile., In both deposits

the yellow secondary uranium minerals occur as powdery coatings along fractures

that are cut off by the fault.
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RECONNAISSANCE FOR URANIUM IN ALASKA
by

Je Jo Matzko

Samples collected from the Nixon Ferk area in west central
Alaska, the Shirley Lake area in southern Alaska, and the north flank
of the Brooks Range in northern Alaskz were examined during this
report period.

The maximum radicactivity of samples ccllected from the Nixon
Fork area was 0.06 percent eU due principally to thorium in the
mineral allanite. A spectrographic analysis of this mineral indicates
between 0.5 and 1 percent thorium. Soil samples collescted in the area
to determine-if geochemical methods could be used for exploration of
the mineralized zones in which the copper, gold, and radiocactive
minerals occur showed significant anomalies. Analyses of 24 samples
indicate that the larger anomalies may be chtained on the associated
lead and zinc.

Examinations made on samples collected from near Shirley Lake,
Skwentna district, Tyonek quadrangle, southern Alaska, indicated a
maximum of 0.021 percent uranium. No uranium minerals were identified.
The more radioactive rock is a tuffaceous graywacke sandstone.

Preliminary studies made on the phosphate rock in the Lisburne
limestone from northern Alasks, on the north flank of the Brooks Range,
indicate between 20 and 30 percent P205 and about 0.0l percent U. The
dominant rcck types in the phosphatic zone are phosphorite, phosphatic
limestone, and phosphatic mudstone. Minerals identified as occurring
in nearly all the samples, but in varying amounts, are carbonate-fluor-

apatite; calcite, dolomite, guartz, feidspar, and fluorite.
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ANALYTICAL SERVICE AND RESEARCH ON METHODS

Sample control and processing

by
Jo. Jo Rowe

During the last six months, work loads were readjusted to pro-
vide equalized distribution of work between the USGS laboratories
in Washington and Denver. Incoming work continued at an even level
in quantity but with a change in emphasis from simple uranium deter-
minations associated with exploration and routine studies, to analyses
of more varied and difficult nature assocciated with the increasing
concern with geologic interpretation. Minor element analyses and
leaching and separations, associated with analysis for key elements,
has thus served to increase the actual work load. This trend became
evident during the preceding report period resulting in necessary'
adjustments for greater diversification in analytical facilities and

procedures.

Radioactivity

Analysis and services
by
F. Jo Flanagan

During the last six months 6,360 radicactivity determinations were
made on samples submitted from USGS and AEC projects and the public.

Cooperative investigations with other projects continued as followss
(1) Simple statistical tests were used to show differences in radio-
activity between the red and green phases of the Conway granite and that

weathering has affected the green phase but not the red. (See ®Distribution
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of uranium in igneous complexes®). (2) Work on the accuracy and
precision of three different methods of splitting samples for grain
counts fram three different sample weights were compared qualitatively
using the statistic X 2, (See "Research on methods and techniques in
mineralogy and petrology®). (3) Comparison of the mean percentages
calculated from grain counts showed that the use of the average weights
per grain instead of mineral densities yield the best estimates of the
known weight percent composition. (See "Research on methods and
techniques in mineralogy and petrology®).

Calculation of standard deviations for the difference between
uraniun determinations by chemical and by radio-assay methods for the
southeast phosphate continues. Using coded analytical data for the
period 1948-1952 for sized samples of these phosphates, and assuming
that the regression is linear, the coefficients a and b in the regres-
sion curve of uranium on radioactivity, percent U = a 4 b (percent eU),

have the following mumerical values:

Coefficients
Sample Mesh size a b
Whole sample 1.87 0,72
+1 0.51 0.91
~l, <40 0.05 0.91
=40 <4150 ~0,01 0.89
=150 —2.68 1.34

The hypothesis of linearity of regression has not been tested by an
anglysis-of-variance technique but inspection of the scatter diagrams
for the five classes of samples above suggests that only the equation
for the =150 mesh-material may depart significantly from linearity.
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Research, Washington
by
W. Ro Champion
Thorium ses

A statistical analysis of the alpha star data oblained in pre-
liminary traverses indicates that the population of three and four
branched stars appear to fit the Poisson distribution. The five
branched stars, for as yet unexplained ressons, do not fit the Poisson
distribution,

Specifications were written and bids requested on the camponents
for a gamma ray spectrometer. This instrument will be used for analysis
of thorium, uranium, and potassium in rocks by counting a characteristic
gamna ray from each.

Thin sources for alpha counting are being made by evaporation of
thoriun metal on a low back scattering material for the redetermination
of the half-life of thorium. These samples will be used in an alpha
gspectrograph t¢ determine the rate of decay of a known quantity of
thorium metal.

Metamictization of zircon

The linear accelerator at Oak Ridge National Laboratory became
available during this report period and bombardments will be completed
pending the use of the accelerator. No work was done on this problem
dui'ing the past six months,

Activation sis

Further measurements of the ratic of Cu63 to Cub5 by neutron

activation analysis at Oak Ridge National Laboratory resulted in a

reproducibility of about one percent, With new equipment being obtained
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efforts will be directed toward improving the precision of the measure-
ments to the degree necessary to make the method useful for observing
natural fractionation.
Research, Denver
by
J. We Rosholt

During this report period, 6,784 equivalent uranium determinations
were made in the radiometric laboratory. In addition a total of 171
radiochemical determinations which included analyses for Th232 s Th228 s
Th230, Pa23l, Ra226, Ra223, Rn?22, and PbA0 were made. Forty very
low-level equivalent uranium determinations by alpha particle detection
were run on plants, plant ashes, soils, and rocks. The methods for the
radiochemical analysis of Th230, Pa23l, Ra226, and Ra?23 were improved
and the results of these analyses, on several radiocactive samples of
low uranium content, show that disequilibrium is often very complex.

Methods for the radiochemical analysis of Th232, Pa231, Ra226 and
Ra?23 were improved. Two automatic sample-changing scintillation
counters have been set up for the alpha-particle detection used in the
measurement for these analyses. The method for the analysis of small
amounts of Th232 was extended and as little as one microgram can be
detected. A new value for the half-life of Th232 was determined, and
this work is essentially completed.

Several complete disequilibrium studies were performed on natural
occurring radiocactive samples. The comparison of the contents of
elemental uranium, Pa23l, Th230, and Ra226, show that the pattern of
disequilibrium is usually very complex with considerable variation in

these components. The studies also show that the parent source of the
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radioactivity is almost always Th230 (ionium) when uranium is absent
or deficient. The variation of Th230 and Pa?3l from the normal
abundance ratio was commonly much more than was previously expected.
The exceptions to this general pattern of disequilibriwm are the
relatively rare occurrences of recent barium sulfate, particularly
in artifical filter sands, and natural hot springs deposits con-
taining only radium isotopes and their daughter products, and HR32
ores. The latter occur very rarely outside of their previously known

geographic and geologic enviromments.

Spectrography

Spectrographic metheds, Washington
C. Lob%rlaring

During the past six months 75 different types of minerals, rocks,
and ores were received for spsctrographic analysis in the Washington
laboratory. Semiquantitative, small grain, and quantitative spectro-
graphic techniques were applied. The samples were of different
degrees of purity ranging from complex field-collected aggregates to
pure separate minerals. Much time was spent in developing or improving
methods for analyzing samples over this wide range. By using this
approach a minimum amount of repeat work was necessary in cases where
the sample was abnormal and where very little information was available,
or where the sample was a suspected new mineral.

The search for a satisfactory basic mix material continued.
Spectrographically pure lithium carbonate was purchased and preliminary

tests were conducted to determine its suitability as a basic mixture.



221

The preliminary tests indicated a slight loss of sensitivity for
some elements and improvements in sensitiwvities may be expected when
the optimum spectrographic conditions are achieved. The basic mix
would be added to both standards and samples and would tend to reduce
the matrix effects.

Experiments were conducted on the use of inert gases enveloping
the electrodes during the arcing of certain samples. The cyanogen
bands were minimized or eliminated thereby making additional spectral
lines available for study. The jets were designed and constructed to
flush the arcing area with the inert gas without the necessity of
placing the electrodes in a special container. Satisfactory preliminary
tests were conducted with helium, carbon dioxide, and different mixtures
of oxygen. This study will be continued as time becomes available.

The preparation of gpectrographic standards for the determination
of lead in monazite was completed. Cerous phosphate was prepared from
the ammonium saltj this material contained 10 to 15 parts per million
lead. If the accuracy of the spectrographic method warrants, the cerous
phosphate will be treated to further lower the lead content. Other
rare earths for the standards were of commercial grade and were of
satisfactory spectrographic purity. The lead content of a few monazite
samples was determined by the lead in zircon standards with sodium
carbonate dilution. This was done to determine if there is any real
difference in the lead results as found for either set of standards.

Design and construction work of a constant current power source
for gspectrographic analysis was initiated. The power source would
produce the same current regardless of the variety of materials placed

in the electrodes. It is expected that reproducibility would be improved
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and matrix effects minimized with such a power source.

One thousand samples were analyzed for a total of 68,000 qualitative,
semiquantitative, and quantitative determinations.

The automatic scanning method was applied to additional types of
materials. Of note were two samples of coalified wood from South Dakota.
These samples contained O.1 ard 1.0 percent germanium and may be of
economic interest. The report on this method has been sent to
Spectrochimica Acta for possible publication.

Additional work was completed to provide data for a paper on
hafnium content and radioactivity of zircon from igneous rocks. This
paper will describe a rapid method for determining the hafniuwm-zirconium
ratio and the hafnium content in zircon.

Spectrographic methods, Denver
A. 'I‘I.)yMyers

During the six months period, a total of 98,392 determinations
were made on 1,716 samples, sulmitted for analyses from projects of
the Raw Materials program of the AEC, and related USGS projects.

The semiquantitative spectrographic method continues to be used
for studies on the distribution of elements and types of studies where
the results are reported to one-third of an order of decimal magnitude.
The demand for this type of analyses on rock and ore samples contimues
to increase,

"Spectrographic determination of contamination of rock samples
after grinding with alumina ceramic", by P. R. Barnett, W. P. Huleatt,
L. F. Rader, and A. T, Myers, was published in the American Journal of

Science, vol. 253, pp. 121-124, Feb. (1955).
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Infrared spectroscopy
by
Re Go Milkey

During this report pericd, additicnal investigations wers made
in methods of analysis to broaden the scope of the infrared spectro-
photameter: (1) the infrared polarizer, which provides polarized
light for the analysis of crystal structures, was assembled and tested,
(2) the attachment for specular reflectance data was assembled and
tested for satisfactory performance, (3) the method of constructing
liguid sampling cells was, for some samples, considerably simplified,
(4) the reproducibility of quantitative analyses of solid samples was
investigated; the potassium bromide imbedding window method that has
been devised provides a precision for triplicate samples of less than
L 2 percent transmission units.

The library of infrared data was augmented by the addition of
standard spectra, abstracts of current literature, and reprints of
published articles. The data were partly codified on keysort punch
cards for convenient reference.

Different types of analyses were made in support of the objectives
of other projects, and new information was added for improved infrared
spectroscopy. Some typical developments were: (1) spectra were obtained
of many organic materials, such as asphaltite, impsonite, grahamite,
boghead, pellets, distillates of sub-bituminous ccal and other organo-
uranium extracts, as part of the continuing investigation of the sub-
stances found in association with uraniwme. The unit structures pre-
sent, such as hydroxyl, saturated carbon-hydrogen bonds, carbonyl, and

unsaturated ring structures, were identified. Comparisons between the
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different spectra (particularly the pellets and the asphaltite)

showed the type of significant over-all differences that will help

solve the question of their origing (2) infrared spectra were used

to provide control for an industrial liquid - liquid extraction pro-
cesse The analysis of samples withdrawn at different stages of the
process revealed the relative concentration, purity, and rate of
extraction of the solute, and indicated some of the chemical bonding
that could be present in the unknown structure of the solute; (3) analyses
were made of channel samples of vanadium-bearing ores, to provide
information on the state of oxidation of the vanadium present;

(4) anzlysis was made of 31 synthetic vanadate compounds and vanadium
minerals, and correlations are being made between the vanadate structures
and the corresponding infrared absorption peaks; (5) investigations

were made into the quantitative analyses of silicates. The spectra
revealed that as little as 10 micrograms of the tectosilicates can

be detected, using present methods of sampling. This research will

be extended to include all classes of silicates, and the absorption
peaks of the spectra will also be correlated on the basis of tetrahedral
linkage and varying cationic substitutions in the silicates.

Chemistry

Analysis of raw materials, Washington
by
Irving May
The trend previously noted toward greater diversification in
analytical requests continued in the Washington laboratorye. The

accompanying table 28 summarizes the analytical activity of the project
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Table 28. Breakdown of Completed Determinations
December 1, 1954 ~ May 31, 1955
Completed the

Determination past_six months
U 3,860
Th 65
Ca 119
A 156
Fe 272
v 153
Na 8L
K 109
Rare earths 61
c 69
H 32
P 158
] 10
Se 49
As 18
Ash 339
Organic matter 452
0il 125
Miscellaneous 8

Total 7}‘35%5L

for the past six months. Despite the diversification of requests,
there was a decrease of less than 10 percent in the determinations
campleted to the previous report period.

A flux-melting machine, designed in the USGS Denver Laboratory,
was modified to permit its use with Washington gas. Preliminary
testing of the machine was completed and it is now in routine use
for melting uranium-alkali carbonate phosphors.

A new flame photometer unit was installed and tested for its
performance in determining sodium and potassium. The new unit is
simpler to operate and performs much better than older ones.

The conditions for determining small amounts of arsenic by the
molybdemm blue tmethod were studied for application of the method to
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rock samples. Several modifications in the conditions had to be
made in order to obtain satisfactory results.

The solubility of kaolinite in dilute hydrochloric acid was
studied in connection with the determination of aluminum associated
with phosphate minerals in leached zone samples.

A Peruvian Govermment chemist was given three month's training
in chemical methods for determining uranium in rocks.

A paper, "Isolation of Organic Carbon from Bones for Cl4 Dating®,
by Irving May, was published in Science 121, 511 (1955).

Analysis of raw materials, Denver
L. F. Rader, Jr.ban Wayne Mount joy

In the Denver Laboratory, 11,666 determinations were made on
8,334 samples, chiefly drill cores or rocks except for 900 water
samples. About 20 different elements are commonly determined as
requested and the variety of determinations demanded is continuously
increasing. However, for the period covered in this report 72 per-
cent of the determinations made were for U, V305, and CaCO3 in
connection with various exploration programs in the Plateaus and
adjacent areas. As such samples have high priority the backlog of
work consists chiefly of requests for heavy metals, iron, selenium,
arsenic, antimony or others that may show correlation with uranium
and/or be of commercial importance.

Standard deviations have been calculated from repiicate deter-
minations to establish the precision of recent analyses by the

following methods:
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No. of Standard

Sample type Method Range Samples Deviation
U in rocks Extraction - 0,020 - 0.20% 10 0.0025%
fluorimetric
U in plants Extraction -
fluorimetric 0.5 to 5 pm 333 O.4 pmn
U in ores Volumetric 0.28 to 0.51% 60 0.011%
V205 in cores Volumetric 0.24 to 3.21% 60 0.014%
CaCO3 in ores Flame Photometer 3.54% 20 0.15%

The special analyses group investigated methods of analysis for
Ti, Mo, Zr, Sb, and Cu in connection with requests for analysis for
these elements in the presence of interfering elements that precluded
the use of a conventional method without modification.

Titanium was determined in 5/ samples containing up to 25 per-
cent TiOp, 30 to 50 percent Fey03, rare earths, and niobium,by a
modification of the colorimetric method of measuring the color of the
titanium-peroxide complex after adequate separation of interfering
ions,.

Molybdenum was determined on 11 samples as the thiocyanate complex
after extraction into isopropyl ether following a double precipitation
of the HpS group in the presence of antimony chloride as a carrier.

An iodine-iodide carrier proved less efficient than antimony chloride.

Zirconium was determined when present in weighable quantities
by the mandelic acid method. Good recovery is achieved by making
precipitations from weakly acid solutions. Trace amounts of Zr in
the 5, samples mentioned under work on Ti could not be determined with
mandelic acid and this study is being continued.

Argenic: A method for the determination of arsenic similar to

the method used in other USGS laboratories has been investigated for
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use on several hundred samples on hand. This méthod is essentially
a distillation following decamposition of the sample. Color due to
arsenic is developed with molybdemum and estimated photometrically.

Antimony is to be determined on several hundred samples by a
modification of the rhodamine-B colorimetric method that is now under
investigation.

Copper was determined on 600 samples colorimetrically by
extraction of the neocuproine complex into N-hexylalcohol. This
method was checked against the electrolytic mefchod and is used ex-
tensively to determine copper in the range 1 to 1,000 ppm for uranium
ores containing copper but little or no vanadium. The ores containing
more than Q.1 percent copper are analyzed by the electrolytic method.

Uranium: Cooperative work on the leaching of uranium from Red
Desert, Wyoming, schroeckingerite-bearing rock with natural waters and
adsorption of the uranium from the leachate on low rank coals from the
same general area is continuing.

A motor driven device to control the heating of the carbonate-
fluoride flux during preparation of uranium-flux pads in the determination
of uranium by the fluorimetric method was designed and built., This
machine tends to produce more uranium=flux pads than hand heating,
results in greater precision with the method, and speeds uwp the routine
work by preparing 18 pads at one time., Two similar machines were added

to facilities in the Washington laboratory.
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Research on analytical methods

Determination of lead in monazite, by Re A. Powell and M. P. Pechini

Work continued on the development of a chemical method for
determination of lead in monazites. Because of previcus erratic
results obtained by the dirsct dithizone extraction method, it was
thought that rare-earth precipitation; which occurs at the same pH
as lead extraction by dithizone, effectively tied up the lead, and
rendered its subsequent extraction incomplete. Recent experiments
have shown that this difficulty can usually be avoided and that the
variations in earlier analyses were caused, in part, by the presence
of sodium peroxide which was used in the attack on monazite samples.

In the first attempt to separate the lead, strontium sulfate was
used as a carrier prior to extraction by dithigone. The initial approach
was to use sodium borate-sodium carbonate fusion in platimm with
solution of the melt in dilute nitric acid. The use of sodium peroxide
flux was abandoned becguse although at times it gave fair precision,
it was not consistant enough for the intended applications. Results
of later work suggest that the difficuity with this method was caused
either by incomplete solution or by contamination from the platinumware.

The next method tried involved a separation with thorium iodate
used as a carrier. However, it was found that the iodate formed such
a strong complex with the lead that it could not be extracted.

Barium chromate as a carrier looked very promising because it
yielded camplete recovery with standard lead solutions. It was found
unadaptable to monazites, however, bscause of precipitation of rare

earths whichoccurs at the same pH necessary for the precipitation of
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barium and lead chromate.

Tests showed that by increasing the amount of the complexing agents
(sodium citrate and potassium cyanide) excellent recoveries of lead could
be made from synthetic monazite solutions., When this modification was used
with monazite samples that had been fused with borate-carbonate flux in
platimm crucibles, the analytical results again were not reproducible.
These tests led to the conclusion that errors were being introduced in the
fusion step or contamination was coming from the platinum crucibles.

As a consequence of the above experiment, a different method was used
for putting the samples into solution which completely eliminates the fusion
and the use of platinmmware. This method consists of an initial digestion
of the sample in hot HpSO, and later addition of dilute HNO3, followed by
dithizone extraction and spectrophotometric measurement.

This method was applied to 8 monazite samples, ranging in lead content
from 0,04 to O.40 percent, with a reproducibility of £ 1 percent. Two
samples were spiked with 5 mg of lead each and recoveries of 99.3 percent
were obtained on the spikes.

The difficulty, caused by precipitation of rare earths at the pH used
for lead extraction, can now be avoided. It is related to both the sample
size and the time oi“ standing before extraction. Up to 25 mg samples ex-
tracted immediately after the complexing agents were added and the pH adjusted
to approximately 9.2 gave complete recovery, while samples weighing from
30-50 mg under the same conditions were 10-45 percent low. Up to 20 mg
samples extracted 10 minutes after pH adjustment gave complete recovery,
but larger samples gave very low recoveries. Up to 10 mg samples were found
to yield complete recoveries when extracted 1 hour after pH adjustment.

Larger samples gave low recoveries, A few subsequent experiments have shown
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the possibility of using up to 50 mg samples by increased dilution of the
sample.

Lead jodides with, and without, added spikes of lead of known isotopic
composition have been prepared from several monazite samples and submitted
for lead determination by the mass spectrographic isotope-dilution method
as independent checks on the chemical method. The two analyses which were
campleted by the isotope-dilution method check with the chemical analyses
very well.

Determination of uranium by the spectrophotometric method, by H. I. Feinstein
Experimental work on the thiocyanate method for the determination of

uraniun was completed.

While studying the interferences in the uranium thiocyanate system,
it was observed that under approximately similar conditions, vanadium gave
a blue color. The absorption of the vanadium thiocyanate blue in acetone-
water is greater than that of the blue vanadyl ion and experiments were per-
formed to test its applicability to the determination of vanadium. While
thiocyanate is not as sensitive a reagent for vanadium as peroxide, it is
about 4~5 times as sensitive as the blue vanadyl system. This has resulted
in the development of a method based on the vanadium thiocyanate color that
can be used in place of the volumetric procedure.

In the search for a reagent that does not have the disadvantages of
thiocyanate, it was discovered that azide ion gives a yellow color with
uranium and has certain desirable properties. The reagent solution is more
stable, gives a more sensitive reaction and the color produced is more  stable
than that from thiocyanate. Accordingly, a methoci was developed for the

determination of uranium with azide.
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Preparation and purification of a salt of potassium isolated from
granite samples, by C. A. Kinser

In connection with a study of the fractionation of the isotopes of

potassium during the weathering of granite, KCl was prepared fram the
potassium contained in samples of weathered and fresh New Hampshire granite.

The separation and purification was effected by a procedure state:i
briefly as follows: The samples were attacked with perchloric and hydro-
fluoric acids and the soluble perchlorates removed by washing with alcohol.
The insoluble perchlorates (mostly KC10),) were ignited to chlorides. These
chiorides were dissolved in water, filtered and the potassium precipitated
as potassium tetraphenyl boron. This precipitate was dissolved from the
filter with acetone, evaporated to dryness and ignited to the meta borate.
Boron was removed by methanol and HCl leaving practically pure KCl. Further
purification was accomplished by precipitating the KC1 from an ailmost satu-
rated solution by treatment with dry HCl gas. The KCl so obtained was washed
with concentrated HC1 and dried.

Spectrographic analysis of this material indicates that except for a
small amount of rubidium, which will not interfere in the method to be used,
the KC1 samples prepared are more than 99,98 percent pure.

Analytical chemistry of thorium, by M. H, Fletcher and F. S. Grimaldi

Athe the present time thoron /2-(2-hydroxy-3,6-disulfo-l-naphthylazo)-

benzenearsonic acid/ is popularly used as a reagent for the colorimetric
determination of thorium. An undesirable feature that limits the use of

this methoc 1is the high sensitivity of the reagent towards zirconium. For
example, at the 150 ¥ level of ThO2, about 0.6 y ZrCz is equivalent to

1 y ThO2. Several organic hydroxyl acids have bsen studied as possible masking

reagents for zirconium. It was found that tartaric acid would be g useful
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sequestering reagent. The thoron-thorium-tartaric acid system has been
studied in detail and has proved very complex. At least 5 equilibria are
involved - the thorium-thoron, thorium-tartrate, zirconium-thoron, zirconium-
tartrate, and thoron-tartrate. The last equilibrium is included because
thoron and tartaric acid were found to react. Optimum work conditions were
established for the determination of thoriwm which would permit the pre-
sence of a maximal amount of zirconium (at least 350 ¥4 ZrOp) for the complete
range of thorium concentrations usually determined with thoron. The
maximm amount of other ions that can be tolerated was also determined.
These ions include all of the rare earths, Sc, ¥, La, Ti, Nb, Ta, Sn, W,
Bi, Fe, Al, Pb, Hg, Au, U, SO4=, PO,~, and F.

A direct colorimetric procedure involving no geparations was found
applicable for the determination of thorium in monazite concentrates.

A few facts about the tartaric acid-thoron system still require

explanation and much data was collected to clarify the situation.
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GEOCHEMICAL AND PETROLOGICAL RESEARCH ON BASIC PRINCIPLES

Radon and helium studies
by
A. P. Pierce

Studies on the distribution of *asphaltite® in the West Panhandle
Field, Texas indicate that the helium present in one of the smaller
gas reservoirs within this field can be entirely accounted for by decay
of uranium present in the asphaltite of the gas-producing rocks.

Uraninite was identified in asphaltite nodules from dolomites and
siltstones of Permian age in the Panhandle field. Thorite was identified
in asphaltite nodules in a core from granite wash of Pennsylvanian age
from Beckham County, Oklahoma. Thorium in the amount of 3.4 percent and
0.1l percent uranium was present in the nodules, making them the first
true occurrence of thucolite in the United States.

Complete organic analyses were obtained upon & suite of uraniferous
asphaltites from the Wichita-Amarillo Uplift, the northwest flank of the
Delaware Basin, and from the Colorado Plateau. The atomic ratio of carbon
to hydrogen in seven uraniferous asphaltites ranged from 1.1 to 1.3 and a
ratio of 1.8 was obtained upon an eighth sample. Uraniferous Masphaltite®
from marine dolamites of the Permian Seven Rivers formation had an atomic
C/H ratio of 1.1 and was in gradational contact with non-uraniferous
fiasphaltite® having a C/H ratio of 0.7. The difference in the ratios sug-
gests that hydrogen may have been lost from the uraniferous sample due to
the effects of radiation. This process, if it occurs, would also explain
the presence of submicrocrystalline carbon observed in X-rgy diffraction

patterns of the uraniferous asphaltite.
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The oxygen content of the asphaltites ranged from 1 to 20 percent,
and the sulfhur content from gero tc 23 percent. A trace of nitrogen was
present in two samples. Mass spectrometric analyses of the volatile gases
from the asphaltites showed the presence of methane, ethane, normal butane,
iso-pentane, cyclo-pentane, hydrogen, hydrogen sulphide, carbon disulphide,
carbonyl sulphide, and methyl and ethyl mercaptans. Helium was not detected,
and calculations based upon the uranium content of the asphaltites indicate
the materials have a low helium retentivity.

A technique for making thermoluminescence photos of rock sections
was developed. Thermoluminescence photographs were obtained for asphaltite-
bearing dolomites of Permian age from the Panhandle Field, Texas and from
the northeast flank of the Delaware Basin, New Mexico. The photos show
intense "haloes" of about 500 microns thickness in the dolomite surrounding
the asphaltite nodules. The haloes are believed to result from diffusion,
decay and recoil of radon and its daughter products, and indicate that
radon, as well as helium, escapes readily from the asphaltite nodules.

A study has been made of extensive data from the U. S. Bureau of Mines
on the composition of natural gases of the United States. The results
show that in natural gas fields the proportions of helium, argon and nitro-
gen vary within limits, and their concentrations increase with geologic age,
as jllustrated in figure Ll. In general, the relative proportions of
helium, argon and nitrogen are the same in gases rich in helium, as in gases
poor in helium,

No correlation was found between the helium content and the carbon
dioxide, hydrogen gulfide, methane or ethane contents of natural gas fields,
indieating that the major part of these gases has accumulated independently,
and probably earlier than the major part of the helium occurring with them.
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The present evidence indicates that the principal different sources
for the helium, argon, and nitrogen are: radiocactive decay of uranium,
thorium (helium source), and potassium-40 (argen source); degradation of
nitrogenous compomnds in rocks (nitrogen source), possibly as a result
of associated radioactivity; and occluded atmospheric air within rocks
(nitrogen and argon source). It is believed that isotopic analyses of
the argon and nitrogen in these gases will give a measure of the relative
importance of these sources. The mean ratio of argon to helium in the
gases is about 0,08 (see fig. 41), which is close to the calculated ratio
of A40 to HehO resulting from decay of the amounts of uranium, thorium
and potassium-40 in rocks having the composition of the earthts crust.

Distribution of uranium in igneous complexes

by
George Phair
Analytical methods

During the-six-month period covered by tﬁis report substantial
progress was made toward solution of probably the most vexing analytical
problem facing the project ~- how to get adequate thorium data on igneous
rocks in the range 1-20 pym. The ganma ray spectrometer has been adapted
successfully for U, Th, and K determinations on igneous rocks, but a few
details remain to be ironed out. The lack of adegquate Th standards in
this very low range delayed final calibration; carefully analyzed rock
pulps are not available in the quantity required (200 grams). Present
standards are based upon monazite fspikes® and hence may suffer from non-
uniform mixing. Nevertheless, the results reported to date show a large

gain in precision over previous chemical methods and when cross checks
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by radiometric methods are possible the resuits appear to be in good
agreement. The method can also be used for uraniwm determinations. 4
comparison of uranium results by fluorimetric and gamma ray spectrometer
methods is given in table 29. The Front Range samples were specially
Table 29, Comparison of uranimm determinations orn igneous rocks by
fluorimetric and gamma-ray spectrometer methods

Precambrian granitic rocks from the Front Range

By Fluorimeter By X-ray
Sample ranl run2 run3 zunk Av(A) Spec(B) A-B
GP-4. qtz. monzonite 2.6 2.6 2.6 2.4 $0.2
G‘P"lBO qtz. diorite 1.1 1.2 1015 105 "0035
51;G—78 gra.nite 3.0 209 2095 3-5 '0014—0
GP-39 qtz. mongzonite 2.0 2.1 205 2.5 -0.45
GP"BII' Srani'be 2.6 2.6 206 3.5 “0090
GP-100 granite 5.1 55 1&08 LT 5.0 7.9 ~2e9
GP-129 mafic qtz. diorite 1.4 1.4 1.4 1.8 =04,
GP-108 gtz. diorite 1.6 1.7 1.65 2.6 -0e95
GP-1 mafic gtz. monz. 1.8 2.0 2.1 1.96 2.2 -0e2L

Granitic rocks from the Southern Californis batholith

Fluorimeter X-ray Spectrometer
A runl run 2 Av(3) A-B
G-11 qtz. diorite 3.05 3.4 2.8 3.1 -0.05
G-10 qtz. diorite 1.60 244 2y 2.4 -0.80
S-1 qbz. diorite 262 365 3.3 3els ~1e2
Valverdi gtz. diorite 2.0 1.8 1.8 40.2
G-13 qtz. diorite 25 3.0 267 2.85 =0.35
8-16 granodiroite 1.8 3.5 1.8 2.65 -0.85
Z"l7 sranodiorite 5.9 7.0 6 ol é . 55 “0065
S-13 granodiorite 2.9 3e2 3.2 3.2 -0.30
167 gl‘mite 3.0 l|.02 1;02 1{-02 -1,2
Z"15 g'anite 5.2 6@1 505 508 4).6

ground, mixed, and split and the resulting sample homogeneity is indicated
by the fluorimetric results on the separate sub-samples. In 8 out of 9
instances the agreement is better than 3= 0.1 ppm. The spectrometer results
are closely comparable but consistently run slightly higher. The rocks

from the Southern California batholith showed a similar systematic difference
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between the two methods. In all, 17 out of 19 results by gamma ray spectro-
meter were higher than the fluorimetric analyses but in only three cases was
the difference as large as 1 pmm. This consistent difference probably
reflects uncertainty in the original calibration of the spectrometer.

On the basis of these promising preliminary results the main components
of a 2-channel spectrometer were ordered and it is hoped that it can be
put into operation during the next six months.

Data were obtained on the precision and accuracy of present methods
of thorium analyses exclusive of garma ray spectrometry as applied to
igneous rocks in the enriched range (Th = .0l to .05%)s Six samples of
Front Range porphyries were specially ground, mixed, and split, and
separate sub-samples were distributed among the various groups in the
Survey concerned with making thorium analyses. The results are given in
table 30.

In general the calculated thorium contents, some determined by X-ray
fluorescence and some determined by radiochemical methods, gave surprisingly
good agreement. Those determined by the two chemical wet methods gave
nearly identical results which, however, were low by a factor of 50 percent
or more compared to the lowest values obtained by the three other methods.
One of these samples, P-118, previously analyzed chemically by the
nephelometric method, was found to contain four times as much thorium as
was reported by later nephelometric work. The one sample, P-17, that con-
tained enough Th to permit gravimetric determination (1951) gave results
which were in excellent agreement with the Th as calculated by the relation
Th = 3.6(eU-U), as determined by X-ray fluorescences, and as measured
radiochemically. The final precipitate from this gravimetric determination
was analyzed spectrographically and found to comtain less than 2 percent of



*oand quecaed g4 eq o3 pumoy pue Arreorydesdoajoeds pezireuw cqddy

9¢0*

"troe 8t0* L20*  seo° (210*) 89%00°  £THOO®  T8S~d
900°
Q S¢oo*  Sgo0*  900°  OTO 600° Mmoo.v
G 00°) ZH00°  MOYM00*  6SS-d
g10*
¢ Loto*  8STO*  820°  €€0° 020° (610°) 98ETO®  OETTO*  S9%-d
T0°
ozoe ™Moo ™oo*  foc  LT0° 020° 10° L00*  Loo*  0£00° 8TT-d
620° T€0°  9h0° geo° 20 Z0*  9TO* 86900° g0T-d
#6%10° g'o* 6%0° 590° Lhoe g10° §10*  6%00° LT-d
ToH1 TTAGeW0  OTAJoU0  OL44eW  Cwdyw SJORTd  ((1-N9)0°% (0-18)9°¢ JoAusq  °GSGMN FoAUS(  CUBENM
irqouraesd  -TeydeN ~TeydeN —~JOTO) ~OTpPeYy Lea~Y  JeAueq *yseM e ne 1 n
UNTJIOHY}. PpOJNSeIR ‘YL °oT®9
sesfTeue unyIoyr

sTeLTeUR WNTJIOY] JO Spoyqem quesoxd Jo LoRInooB puw USTETdSdd °0Of 9Tq®L



241

impurities. Because this gravimetric determination confirmed the agree-
ment shown by the three independent methods greater significance may be
attached to the results by those methods. It remains to be determined
why the 20 nephelometric analyses obtained prior to 1954 gave reasonably
good agreement with the calculated thorium and why those obtained later
agree with the colorimetric determinations in indicating Th contents
more than 50 percent lower than the calculated values. This discrepancy
will be investigated. Not enough original material remains to permit a
Th determination by the gamma ray spectrometer but samples will be sent
to the Bureau of Mines for determination of the Th/U ratio by another

X-ray fluroescence method.
Precambrian granite rocks of the Colorado Front Range

Heavy mineral separations were made on 16, 10-40 pound samples from
nearly all the major Precambrian Front Range batholiths and from some of
the smaller bodies. The Boulder Creek batholith was studied in more
detail than the others and results on same six samples are now available.
On most samples separate mineralogical studies were made on the 40-100,
J00-200, and 200-325 mesh fractions. The data are reported in table 3l.

On the basis of the separations made thus far, monazite occurs
exclusively in the youngest batholiths, the so called "Silver Plume®™
correlatives. In three such samples the monazite is accompanied by xenotime.
Allanite is common in the oldest batholith, the Boulder Creek body and is
of scattered occurrence in the "Silver Plume™ correlatives. It is lacking
in the Sherman and Pikes Peak batholithic rocks so far studied. Iocally,
allanite crystals up to 2 inches long are cammon in the various phases of
the Boulder Creek body.
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Table 3l. Accessory mineral data on Front Range batholiths

Batholiths: Boulder Creek Batholith Sherman Pikes Peak
qtz. grano- qtz. Type-granites

Minerals dike dios. dio. monz. granite peg. II  III peg. Granites

Sample Nos 100 129 17 19 34 69 10i 88 92 101 100

Magnetite x x bd b4 X X b4 X X

Ilmenite x x x b'd X x x x x

Garnet

Muscovite x

Epidete X x x x X

Alianite x x x x x

Xenotime

Monszite

Sphene x x X X x X

Apatite X b4 b’ X x b4 x x

Fluorite x

Zircon x x X x X X x X X x

Fyrite

Molybderdite

Buxenite b d

Minerals Kenosha Silver Plume Indian Creek Log Cabin Longs Park

Sample Noo 6Ll 78 82 96 97 L72 93 G-76

Magnetiteo x x X E x X x X

Ilmenite b d x b4 x b4 b4 x x

Garnet x

Muscovite

Epidote x x x x

Allanite x x x x x X x

Xenotime b d b4 b4

Monazite x x b4 X x x

Sphene b'd b4

Apatite x x x x X x x x

Filuorite

Zircon hd X X x x b4 x x

Pyrite x b.d x

Molybdenite b4

Euxenite

Distribution of uranium in the Conway granite, New Hampshire

In tables 32 and 33 are listed results of recent uranium analyses on

some of the main rock types of the White Mpuntain igneous series, and on the

rinerals from the Conway granite member of this series. A recent develomment
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Table 32. Uranium in the rocks of the White Mountain magma series

Order of Square Percent of No. of Noc. of deter- Range ‘Average

intrusion miles magma series samples minations Uppn U ppm

Youngest

Biotite 17 1#2 L|-03-1905 11¢7

Granite 3155 68.9

Amphibole

Granite 23 l{,é 2.3"23 0 898

Granite

Porphyry 43.3 9el1 2 5 boli~9el; 8.1

Quartz

Syenite L74 10.25 3 7 Le5-T7.2 549

Syenite 431 Q.41 8 15 1.2-20,0 57

Nepheline

Syenite

Monzonites

Quartz monzonite 6.0 1.0 2 L 1.8-7.6 Le7

Diorites 1.7 ol

Norites

Gabbros

Oldest

Total L57.0 99.37 55 119 1.2-23,0 9.1
Average of 119
determinations

Table 33. Uranium content, in parts per million, of redstone-
type Conway granite, New Hampshire

Biotite Granite Amphibole Granite
Range, Average, Range, Average,

Mineral ppL Ppm Pl ppm

Feldspar 2.0—5.3 301 103"202 108
Quartz 2.3 5.0
Magnetite .82-32.0 15.8 1.0-25.7 9.6
Amphibole 160"1;.30 29.0 1-0"11808 20.4
Fluorite 14.0 63.0
Biotite 37+~39 38.0 19.7
Ilmenite 1;7'-50. 4805 908
Zircon 252.-1750. 1202.0 7554=2350, 1249.0
Allanite 540.-656. 617.0 78540
Astrophyllite 15.0

Rock 9.0—1802 11.8 702-1106 807
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of particular interest is the discovery of native iron in the green
phases of the Conway granite —- the second reported occurrence of native
iron in a felsic igneous rock. The separated iron contained up to 500 ppm
uranium. Special care was taken to avoid contamination by tramp ironj
iron was found in samples ground entirely on a ceramic bucking board.
Uraniuwm and thorium contents of accessory
allanites from igneous rocks
Petrographic, chemical, X-ray, and spectrographic studies of
accessory allanites from igneous rocks exclusive of pegmatites are nearing
completion. The indices of refraction are generaily found to be higher
than those described in the literature but the mean index varies with
degree of metamictization. The ThOs content appears to he rather con-
stant ranging from 0.06 to C.6 percent in 10 samples; in 9 out of the 10,
ThO2 is below 0.2 percent. The uranium content is more variable and seems
to have a greater effect on the index of refraction by causing greater
radiation damage. Allanite was found to be present in 31 out of 81 rocks
studied and to be present only in acid and intermediate types.
Distribution of radioactivity in alkalic rocks
of Sussex County, Ne Je
The main conclusions drawn from studies of the alkalic rocks in
Sussex County, New Jersey are: (1) the relatively high uranium contents
(19-44 ppm) of these rocks show no relationship to the amounts of zircon
or sphene, constituents in which the rocks appear to be abnormally enriched;
and (2) in both the stock rocks and dike rocks uranium increases with

35.02 .
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Weathering, transportation and redeposition of uranium
by
Ro M. Garrels

Chemical work was completed on channel samples from several mines
in addition to that from the Mineral Joe mine, Jo Dandy mining area,
discussed in the preceding semiannual report. All work, so far, is con-
sistent with the conclusion of the preceding report that, “apparently
oxidation ... occurred through the agency of moist air®. All channels
in ore show major additions of iron, uranium, and vanadium. Minor element
anomalies are not so consistent, but chief added elements are strontium,
barium, molybdenum, and selenium. It is now clear that oxidation reactions,
except very near the surface, take place in situ. The major problem yet
to be solved is the extent to which uranium and vanadium migrate as a
result of the vertical and lateral movement of capillary water, and the
extent to which they are removed from the outcrop by direct action of
rain.

Studies on the rate of solution of the vanadiferous silicates show
that it is possible to determine the mumber and composition of the phases
present. Characterization of the species is accomplished from information
on (a) rate-time curves, (b) chemical analyses of resultant solutions, and
(¢) X-ray spectrometer analysis of the residues at various stages. At
least three kinds of vanadium silicates are present; true vanadium micas,
vanadium chlorites, and vanadium hydrous micas. The roscoelites apparently
are but slightly affected by weathering, whereas the vanadium chlorites
and vanadium hydrous micas are susceptible to increase in valence of their
contained iron and vanadium. Chlorites and hydrous micas so far analyzed

contain V4 and various proportions of Fe2 and Fe3, It now appears that many
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ores are accompanied by a mild alteration of quartz, feldspar, and
sedimentary clay minerals to kaolin and to the vanadium silicates.

Experimental work was devoted largely to determination of the
reducing capacity of wood in various stages of degradatiocn and coalifi-
cation. Fresh spruce, in water solution at 150° C for three days, shows
a reducing capacity about 1,000 milliequivalents per 100 grams; lignite
shows a small (600 milliequivalents) but still substantial capacity.
Experiments will be continued on reducing capacity as a function of pH
and nature of the wood., Checks have been obtained on most of the boundaries
of the sumary diagram for vanadiume. It was found that the V3 and VA
hydroxides precipitate metastably. The calculated difference in free
energy between hydroxides and the oxides corresponds well to expected
values. Major current emphasis is on the unraveling of the mixed Vh=5
oxides and metal VA~5 oxides.

Work will continue chiefly on (1) preparation of uranium and
vanadium compounds under controlled oxidation conditions with emphasis
on the nature of the various solids, (2) further studies of the reducing
capacity of woody materials, and (3) further studies of the vanadium
clay minerals with emphasis on the interpretation of the enviromment
of ore deposition.

During the report period a paper was delivered at the A.A.P.G. meeting
in New York entitled, "Chemical equilibria under restricted marine con-

ditions®.
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Mineral synthesis

by
George Jansen

The study of the solubility of carnctite was continued. However,
re-examination of previous data was necessary because of confirmation
of the idea that many of the solutions were colloidal.

Work was started on the system Ca0.U03.V205.H20 of which tyuyamunite
[éa.(UO;g)g, (VOA)2.5-10H9§7 is one of the bettsr known natural representa-
tives. Cursory examination of the system showed that in only one instance
tyuyamunite formed when it was expected; in all other cases, rauvite was
formed instead of tyuyamunite. However, many crystalline uranium and
vanadiun compounds attain equilibrium with their solutions only slowly}
it is thought that rauvite is an intermediate phase not in equilibrium
with its enviromment. The stable phase is probably tyuyamunite.

Copper, alumimum, and iron vanadates were prepared by direct
precipitation from acid solutions. The copper vanadate volborthite,
Cu3V50g.3H0, was identified by X-ray powder diffraction pattern. No
X-ray patterns could be obtained from the aluwninum or iron vanadates
but chemical analyses suggested the empirical formulas Al;Vo0g.8Hp0
and FesVo0ge5Hs0. Calcium ions were added to volborthite solutions
to see if calcium would substitute for copper, producing calciovolborthite.
Spectrographic analysis of the precipitates showed less than 0.1 percent
calcium, insufficient for calciovolborthite.

Sodium-hewettite, NapVs074.3H20 was synthesized by direct precipi-
tation from acid solutions and by substitution, sodium exchanging with

the calcium in hewettite, CaVg0y4.9H50.
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The growing of the highly insoluble vanadates steigerite, fervanite,
carnotite, and tyuyamunite by diffusion techniques was attempted but
initial runs were unsuccessful.

Work continued on the system Nag0.Zr02.5i02.H20 and a number of
runs were made to provide further data on phase boundaries. It was
decided that modifications of methods and equipment previously used would
have to be introduced to avoid the high proportion of leaks encountered
at 5000 C in Morey bombs. Accordingly, a high pressure system was con-
structed for this purpose. Upon completion of a safety gauge and electrical
connections, the system will be ready for operation. It is anticipated
that work will then proceed rapidly.

Growth runs in HF solutions were continued. More dilute solutions
are now being used in the hope that they will be more favorable for the

growth of large crystals.

Isotope geology and nuclear research

Geochronology
by

L. R. Stieff

During the report period 71 samples of uranium, thorium, and lead
minerals were prepared for chemical and isotopic analyses as part of the
Geochronology program. Lead iodides were prepared from 10 of these
samples, isotopic analyses on 47 lead iodides were received from the Mass
Agsay Laboratory, Oak Ridge, and 21 lead isotope analyses were made with
the 6-inch mass spectrometer in the USGS Laboratory.

Essential agreement was obtained between lead isotope dilution tech-

niques and wet chemical methods in the determination of lead in menazite.
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This special study of lead in monazite was undertaken in an effort to
resolve significant discrepancies between the quantitative spectrographic,
and chemical methods. The first two samples analyzed for chemical lead
gave values of 1.73 - 1.77 mg/g and 3.88 - 3.83 mg/g as compared to the
isotope dilution of lead values of 1.75 and 3.69 mg/g of sample respectively.
Optical emission spectrographic values are appreciably lower.

Construction of the USGS laboratory l2-inch radius mass spectrometer
for precise isotopic analyses in the high mass range is progressing
satisfactorily. The electro magnet, pole pieces, coils, spectrometer tube,
source and collector were completed. Many of the aralytical problems
inherent in the use of the 6-inch radius spectrometer for high mass work
should be reduced by use of the 12-inch radius instrument. The new spectro-
meter is expected to be in operation by July or August.

A paper entitled "The relation of lead isotope age data to theoriesg of
origin of the Colorado Plateau uranium deposits® was presented at the March
Symposium on Uranium at Grand Junction, Colorado. Three additional papers
on the Colorado Plateau age studies and several general problems in
geochronology are nearing completion. During the report period a paper
entitled "Preliminary description of Coffinite, a new uranium mineral®,
by T. We Stern and L. R. Stieff, was published in Science, v. 121, no. 3147,
April 22, 1955.

Stable isotopes

by
Irving Friedman

The mass spectrometer used for the analysis of deuterium was placed
in operation. A large number of analyses of water were completed, with

results as described below.
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Cloud physics studies

During the course of a rainstorm there appears to be a relationship
between deuterium content and raindrop size. A difference in D/H ratios
with rain and atmospheric moisture (water vapor) collected at different
altitudes in Hawaii was found. Snow collected fram an airplane over
Washington showed no appreciable variation with altitude., During a
frontal storm, precipitation at a station decreases in deuterium content
a3 the cold front advances. These conclusions are tentative only.

Ocean water 3is

Several hundred ocean water samples representing carefully selected
stations in the Arctic and Atlantic oceans were analyzed for D/H ratios.
The salinity-deuterium relationship closely follows the salinity-temparature
pattern in the major ocean water masses of the Atlantic. Particular
discrepancies can be explained by a consideration of isotopic fractionation
during the freezing of water, and by analysis of the role of mixing of
fresh and sea water in particular areas of the oceans. The collection
and analysis of sea ice and the water from which it was frozen shows that
experimental results on the isotopic fractionation during the freezing
of water apply under natural conditions.

By D/H analysis it was possible to show that at one station near
Greenland the ocean water was being diluted with glacial ice, while at
another station melted sea ice was the diluent.

Water in rocks

The D/H analysis of water contained in glassy rocks yielded information
bearing on the origin of water in perlites. The preliminary data show that
the D/H ratio of water in obsidians from various localities falls in a

narrow range, and the variations within that range are not related to
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petrographic province or geographical position. The water in the perlite
that encloses certain obsidian pellets or marekanite has a lower deuterium
content that the water in the enclosed obsidian, but falls in the same
range; i.eo., when the obsidian is high in deuterium, the perlite is also
highe.
Isotope geology of lead
R. Se C:zhon, Jro

Same of the broader problems fundamental to the interpretation of
lead isotope data now in hand, especially the isotopic evolution of lead
in the earth, and the significance of unusual isotopic compositions of
lead in galena have been given attention in recent months. The isotopic
composition of lead in galenas associated with uranium ores is being
studied in terms of alternative possibilities as to geochemical history
of the uranium with which they are associated.

A few new isotope analyses throw new light on one of the better known
occurrences of galena lead of unusual isotopic composition. Galenas from
the Sudbury district, Ontario, are known to contain lead of two diverse
compositions, one of them notably unusual, but the information that has
been reported in the literature does not reveal the geologic associations
of the two kinds of lead. In November 1953 L. T. Silver and the writer
collected in the Sudbury district 3 galenas of known geologic occurrence.
Isotopic analysis of these 3 samples implies that lead integral in ore
of the district's two major types of ore deposits is quite ordinary,
whereas the unusual type of lead was in galena from an inconspicuous set
of quartz seams which cut the Sudbury norite but the geologic origin and

affilitations of which are uncertain. Isotopic analyses were obtained
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(but not yet studied) of four samples of galena collected from sedimentary
formations ranging in age from Mississippian to Triassic from around the
perimeter of the Colorado Platesu.

An effort is being made to complete chemical evaluation of the
samples collected in 1952-195L as potential materials for study of iso-
tope variations in the rock-lezd of igneous and sedimentary rocks. This
work is being done in cooperation with the California Institute of
Technology. As part of this task fluorimetric determinations of uranium
in nearly 100 rocks were made. In 11 ssmples from basaltic and andesitic
lava flows, mostly younger than Tertiary, an average of 1.1 ppm U was
found with a range from 0.5 to 2.3 ppm U, In 58 limestones and dolomites
known or believed to be of marine origin s wide range of uranium content
was found, the average being l.i ppm U, These analyses show an interesting
trend toward higher uranium values in sasmples of younger geologic age.
These data are generalized in table 34, together with analyses of 9 recent
marine carbonate sediments from the Atlantic and Pacific Oceans.

Table 34. Fluorjimetric determinations of uranium in carbonate
sediments and rocks, averaged according to geologic age

No., of samples Geologic age Average U (ppm)
37 Precambrian 0.7
11 Paleozoic 2.0
6 Mesozoic 2.4
1 Tertiary Lol
3 Fleistocene L.6
2 Recent 2.0

Total 67 Average 1.5
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In 1954, while engaged in field work collecting samples for this
program, radioactive deposits containing carnot:‘jnte in sands and clays
of the Santa Fe formation of late Tertiary age were discovered in the
upper Rio Grande Valley, New Mexico. With R. L. Smith and H. L. Cannon
a brief study was made to evglute the practical and scientific implications
of this uranium occurrence.

Nuclear geolegy
by

Fo E. Senftle

The mass spectrometer for copper analyses was cperated regularly
during the past six months. Trial runs to work out the "bugs®™ and increase
precision of analyses consumed much of this time. About 12 samples were
analyzed, While some minor variations in the Cu3/Cub5 ratio were noted,
no significant changes were found. Two new sourceg for the mass spectro-
meter were built and an amplifier is now under construction for use with
& proposed double collection system,

The study of the adsorption of Csl37 ions on natural and synthetic
quartz was terminated. A note on this work will sppear shortly in the
American Mineralogist.

Recent radiochemical results published by P. Kuroda in the Trans-
actions of the New York Academy of Science indicate that the 0235/17238
ratio may vary in nature. To check this, two of his samples (PK-2, PK-5)
were obtained for isotopic analyses. U308 was also prepared from samples
(p-8, P-11, P-14, GS-64 and GS-78) from the Colorado Plateau. The analyses

obtained at Oak Ridge from these samples weres
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Batch Number Weight percent U235 Limit of Error
PK-2 0.7112 * 0,0020
PK-5 . 00711 + 0.0018
P-'8 0.71[;7 ° + 000025
P-11 0.7115 + 0,0022
P-1/, 0.7118 £ 0,0022
GS-61, 0.7161 + 0,0023
GS-78 0.7115 + 0.0022

The results indicate that the ratio is constant to better than one
percent,

Potassium gnalyses of the weathered and unweathered phases of the
Conway granite show a slightly higher content in the weathered phase.

A sample of each phase was chosen and the potassium carefully extracted.
A specific gamma activity analysis will be made on each sample to see if
the K40 content has been altered in the process.

Preliminary experiments to determine the rate of production of
helium in 1lithium minerals by cosmic radiaztion were undertaken. Very
large pulses were observed in LiCoz by the formation of Be® and its
subsequent disintegration in two high energy alpha particles. Considerable
instrumentation will be reguired before any reliable measurements can be

made.
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MINERALOGIC AND PETROGRAPHIC SERVICE AND RESEARCH
Services

Washington laboratory
by
Ee Jo Dwornik
The high level of public sample submissions for determination of
radicactivity examinations continued. During the present report period,
approximately 2,200 individuals submitted a total of 3,500 samples.

Table 35 illustrates the increased trend.

Table 35. Tabulation of publi¢ samples December 1953 to June 1955

Report period No. of sources No. of samples examined
Dec. 1953-June 1954 650 1,040
Jmle 19511."]:)300 19511» 1,350 2,160
Dec, 195i~June 1955 2,200 3,500

It is noted that the increase in the number of samples coincides
with the increase in publicity concerning uranium prospecting in the news-
papers and popular magazines.

A1l the samples require at least routine mineralogical, petrological,
and radioactivity examinations. However, when the sample shows significant
radicactivity, more detailed analytical work is usually required. Additional
chemical, X-ray, or spectrographic analyses are made at the request of the
AEC,

The samples under the special sample program are those submitted by
geologists doing reconnaissance work on potential radioactive ores.

These samples therefore require detailed mineralogical and petrological
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analyses. Approximately 200 samples in this category were analyzed,
an increase of 60 samples over the previous report period.
Denver laboratory
by
L. F. Rader, Jr.

During the report period 480 samples were processed in the Denver
mineralogy laboratory. About 380 samples were examined by X-ray powder
diffraction photographs and X-ray diffractometer analyses. The relatively
high proportion of the X-ray analyses is largely due to need for identi-
fication of minerals in fine-grained aggregates, particularly secondary
uranium minerals.

Several samples from the Karnes County, Texas, uranium area were
studied. Two of them were essentially fram the first ore found. They
were selected specimens, with about 8 percent U, and showed in addition,
strong qualitative tests for molybdenum and arsenic; later chemical and
spectrographic analyses showed about A4 percent Mo, 1 percemt As, and
1 1/4 percent P; also, 0.0l to 0.02 percent Sn., The various uranium
minerals present are difficult to identify, since they are in intimate
fine-grained mixtures with very similar physical properties. The presence
of molybdenum was first noted through recognition by optical means of a
mineral closely resembling ferrimolybdite. At present a sample is being
studied in which arsenopyrite has been tentatively identified; this occurs
as fine-grained crystals in a dark, thoroughly cemented, quartzite.

As a result of geochemical and botanical studies in the southern
Black Hills; South Dakota, it was found that barium has a negative cor-
relation with a large mmber of elements in the ash samples from a suite

of plants. This may be important in alpha studies of plant materials, in
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that radium tends to accompany barium.

Scme exploratory studies were started on the nature and distribution
of the carbonate cements in sandstones of the Colorado Plateau type,
using in particular X-ray diffractometer techniquesj dolomite was found
in one sandstone from the JJ mine, Paradox Valley, Colorade.

X-ray services ‘
by
George Ashby

Mineral identification and other X-ray diffraction services were
continued, together with research in support of this service. During
the last six months, 767 determinations were made on 653 samples.

In the same interval two new methods of analysis were added to the
project services. A method for determination of unit cells in fine-
grained minerals was developed in ccoperation with the electron microscopy
laboratory. By comparing X-ray powder diffraction data with electron
diffraction point patterns, the unit cells of potassium chlorate and an
unnamed wranium-silicate were determined.

A high temperature mount was constructed for the diffractameter to
permit recording of diffraction patterns from samples at elevated temperatures.

Crystallography of uranium and associated minerals

by
He To Evans, Jr.
Significant advances were made during this work period in crystal
chemistry and structure studies of wranium and vanadium as it applies

to the Colorado Plateaus. Outstanding results are:
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vructure studies of minerals of the type xMeO.yUC3.zH20

Crystallographic and crystal structure studies of this group of
minerals were continued. Among the species examined were becquerelite,
schoepite, billietite, masuyite, fourmarierite, and vandendriesscheite.

The structures of all of these minerals are related in a simple way:s they
are based on a common pseudohexagonal arrangement of linear vertical

uranyl ions linked together into infinite horizontal sheets by the hydroxyl
ions, with the sheets held together in the crystal in the vertical direction
by water molecules, or in the case of lead-or barium-containing minerals,
also by ious of these metals. From structural considerations, we rewrite

the formula yUO3.zH0 as yUO,(OH)p.(2z-y)H20 and the formula xBaO.yUO3.zH20

as xBa(O0H)2.yU02(0H)ne(z-x~y)HpO. The structure results are in agreement
with the observed perfect (001) cleavage of the minerals, and the essentially

zeolitic nature of the water in excess of that required for the hydroxyl

groups.
Crystal structure of duttonite

The crystal structure of duttonite, VO(OH)2 was determined from
crystals in specimens from the Peanut Mine, Bull Canyon, Colorado. They
were found to be orthorhombic with a body-centered lattice, and cell
dimensions and symmetry indicated a unit cell comtent of LVO(OH)s.
Application of Fourier methods revealed a structure in which VOg octa-
hedrons form straight chains by sharing edges, and then sheets by sharing
apical oxygen atoms between chains. Adjacent sheets are joined by
hydrecgen bonds., Of particular interest is the appearance of a short
V-0 bond in this structure corresponding to the well known vanadyl
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chemical radical, (VO)++° A subsequent microchemical analysis confirmed

the formula found from the X-ray studies.
Thermodynamics of vanadium in solution

A1l of the thermodynamic and chemical data available was assembled
in a pH-oxidation potential phase diagram. Most of the vanadium mineral
species found on the Colorado Plateaus have been entered on this phase
diagram (see fig. 42). It is now apparent that sufficient fundamental
information has been obtained over the last three years to follow the
alteration sequences from species to species as they flow across the
phase diagram, starting from montroseite as the focal point. The proper
location of each species on the diagram has depended to a large degree
on crystal structure information as given by work done on this investi-
gation, A typical example is provided by the case of duttonite, referred

to above.
Instrumentation and computing technigues

With the initiation of these studies, plans were made to develop
more advanced techniques for the experimental theoretical and camputational
portions of work in the solution and refinement of crystal structures.
These plans have been held in abeyance in order to devote as much time as
possible to the actual solution of problems. It is now possible to begin
carrying out some of the original plans for instrumentation. Three main
projects have been taken up along this line: (1) the Fourier Analog
Computer was further de_;reloped. Essential parts were purchased and con-
struction of test sections began; (2) equipment for the measurement of
‘singlg crystal intenéities by means of scintillation counters was designed,
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and basic parts ordered. It is planned to replace all the classical
film techniques which were used heretofore by such instrumentation. It
is hoped that eventually the process of intensity measurement may be
made fully automatic; and (3) the basic computations (data processing,
Fourier synthesis, structure factors, least square analysis, etc.) that
are now accomplished in a routine but relatively slow manner by USGS
IBM installation, are being programmed for a magnetic drum calculator

of mediwm size.

Papers published during the period include:

"The Crystal Structure of Rutherfordine, U0C03", by C. L. Christ,
Je Re Clark, and H. T. Evans, Jr., Science 121, 472-3 (1955).

"The Crystal Structure of KVO3.H20%, by C. L. Christ, J. R. Clark,
and He T, Evans, Jr., Acta Crystallographica 7, 801-7 (1954).

Electron microscopy,
by
Malcolm Ross

The study of the crystal structures of vanadium minerals from the
Colorado Plateau was continued. Additional electron micrographs and
electron diffraction patterns were made of two hewettite minerals, steigerite,
navajoite, corvusite, montroseite, doloresite, uvanite, and rauvite. Single
crystal patterns were obtained from most of the_se minerals.

After an examination of some of the vanadium minerals it became
evident that new techniques of crystal structure analysis by electron
diffraction could be developeds Interplanar distances of the hewettite
minerals were calculated from measurements of the ring patterns. On the
basis of the spot patterns obtained from the same maferi'als, the ring
patterns were indexed. All rings could be indexed as hkO planes.
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The d,5¢5 (Do), and the d,,, for a sodium hewettite were found
to be 3,62A° and 12,20A°, respectively. The unit-cell constants of a
momwelinic hewettite mineral, which is presumably the same as the one
in this laboratory, were calculated by Barnes and Qurashi to be: ag =
12.18 £ .02A°, by = 3.614zk ,0054°, ¢y = 7.80 £ 0.03A°, and 3 = 95° % 20,
(Barnes and Qurashi, 1952, Am. Mineral. 37, p. 416).

The excellent agreement between the d, o, measured from an electron
diffraction ring pattern, and the calculated g constant derived by Barnes
and Qurashi, led to a detailed study of other'known monoclinic crystals.
Potassium chlorate, cupric bromide, talec, lithiwm sulfate, aluminum
chloride, and anthracene were examined. Data thus far obtained from
electron diffraction patterns indicate that the a and b cell constants
of certain monoclinic crystals (those with pronounced basal cleavage)
may be derived directly from the photographic plate measurements.
Furthermore, the extinction criteria of the hkO indices can be found
from the spot pattern extinctions.

Spot and ring patterns of navajoite and corvusite were measured
and tentative values assigned for the a and b constants. In addition,
the extinction criteria of the hkQ indices were derived., If enough
data can be obtained from the X-ray powder patterns an attempt will
be made to index the two minerals and assign them to a space group.

Electron diffraction patterns and electron micrographs were taken
of g new wnnamed uraniuwm silicate. The fine-grained nature and platy
habit of the mineral were revealed by the electron micrographs. Inter-
planar distances computed from measurements of the ring patterns corresponded
fairly well with those calculated by X-ray methods. From a selected area
diffraction spot pattern, the rings were indexed and extinction criteria
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of the hkO indices derived.

New methods of standardizing electron diffraction patterns were
sought with particular emphasis being placed on the preparation of mounts
with internal standards. Various crystalline materials were tested
for suitability as standards, but none were supericr to aluminum.

The routine work performed for other projects included particle
size determinations, examination and identification of clay samples,
radioactive minerals, and synthetic vanadium minerals. In addition,
electron micrographs and electron diffraction patterns of various minerals
and chemicals were obtained and catalogued for use as reference standards.

Electron micrographs and d-spacings calculated from electron
diffraction patterns of available uranium and vanadium minerals were
assembled.

A total of 87 electron diffraction patterns and 205 electron micro-
graphs were made.

Properties of uranium-bearing minerals
by

A. Do Weeks

A new mineral, V50),.2H30 or VO(OH)p, from the Peanut mine, Montrose
County, Colorado was analyzed chemically., Work continued on the chemical
analyses of a new iron vanadyl vanadate from Colorado and on synthef.ic
phosphuranylite and voglite.

The USGS Bulletin 1009-F "Glossary of uranium and thorium-bearing
Minerals® by J. Wo Frondel and Michael Fleischer was published.

The paper "An automatic micromuffle for the determination of ash
in carbonaceous material®, by Robert Meyrowitz and C. Massoni was published

in the March issue of Analytical Chemistry.
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Study of the optics and X-ray powder pattsrns of hydrated uranium
oxides continusd.
Research on techniques in mineralogy and petrology

by
E. Jo. Dwornik

Satisfactory results obtained from comparative tests on the multiple
cone sample splitter have led to further use of the cone design in the
construction of a slotted cone sampler. This instrument was designed to
obtain a representative sample of approximately 10 percent from labora-
tory samples of more than 1 kilogram. It has the additional advantage
over the multiple cone splitter of sampling both coarse sand and fine
powders with equal facility. Tests are being conducted to determine the
accuracy and precision of this sampling method for use in the laboratory.

A mechanical sieve shaker, designed and constructed in the laboratory
shop was installed for the Uranium in Igneous Rocks project. This mechanism,
which uses nests of sieves 13" x 20", is capable of sieving large quantities
of material in a fraction of the time needed for sieving in the Ro-tap.
Essentially the machine consists of a sieve holder containing 4 sieves
and tray, which is os¢illated on a set of tracks mounted in a laberatory
hood. The driving mechanism was obtained and adapted from a Wilfley Table,
Use of this device effected a 30 percent saving in the time-consuming
sieving opsrations of the project.

A "hindered settling® column was designed and constructed for ad-
ditional mineral separation studies. It is made from welded sections
of glass tubing, has baffles, and uses a wabter mediwm. It proved
successful in removing rock dust from samples and can, to a limited extent,

concentrate sized minerals that differ in specific gravity by 0.5.
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GEOPHYSICAL SERVICE AND RESEARCH ON METHODS AND PRINCIPLES

Development and maintenance of
radiation detection equipment
by
Wo We Vaughn

The Radiation Laboratory is a continuing function with responsi-
bility for the maintenance, modification and development of radiation
equipment to meet the needs of the geologist.

During the reporting period a study has been made to relate
phototube cathode area to the phosphor area being scanned. It was
found that the counting rate remains essentially the same when the
cathode area is increased, that is, approaching the area of the phos~
phor being scanned, provided the tubes all have equal gain. However,
the resolution is much better with tubes of larger cathode area; com-
mensurate with the size of the phosphor.

Tests are being made on the possibility of making spectral
energy measurements in drill holes. The apparatus consists of a linear
amplifier and a single-channel differential pulse height analyzer with
a l-volt window. The resolution for cesium is 10.5 percent and is neot
materially affected with 1,000 feet of coaxial cable and an impedance
matching circuit (see USGS Circular 353) between the probe and recording
amplifier.

A standard scintillation probe shell used on the 1,000 fool port-
‘able gamma-ray logging units was tested under pressure and collapsed
at a pressure equivalent to approximately 1,382-foot head of water. The
probe was 1 1/2 inches in diameter by 14 inches long with a wall .032-

inch thicke.
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The instrumentaticn for a gamma-ray abserption experiment (see

Abscrption and scattering of gamma radiation) has been assembled and

tested. Basically, the eguipment consists of a scintillation counter
and modified Nuclear~Chizago scaler in cascade., The scalers have a
l-millivolt input sensitivity. Special voltage regulation is provided.

A detailed comparison of two carborne scintillation counters
using different types of scintillation material was made. One instru-
ment uses a plastic phosphor; the other a thallium-activated sodium
iodide crystal. The plastic phosphor is approximately 5 inches in diam~
eter_by 8 inches long, while the sodium jodide crystal is 3 inches in
diameter by 1 1/2 inches long.

Tests were made with the standard (sodium iodide crystal) carborne
scintillation counter to determine calibration and instrument response
t0 a known field of radiation, The effect of the vehiclets speed, the
high voltage supplied to the phototube, and the discriminator level of
the circuit relative tc the ability of the instrument to detect a point
source of radiation were studied.

A study has been made of the temperature dependency of the rate-
meter used with the jeep-mounted scintillation logging unit. The tem-
perature drift increases with counting rate, and is considered excesslve.
It will be necessary to make the instrument more temperature-independent
before optimum field data can be obtained with this equipment. Related
studies are being made to determine the effects of time and source
voltage fluctuations on the stability of the circuit.

Tests of a liquid scintillation core scanner indicate the necessity
of shielding the scintillator from room background in order to obtain

optimum results. The seals (Teflon, Tygon, and Polyethylene) used to
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contain the toluene solvent are very effective. The Teflon and Tygon
show pronounced cold flow characteristics, but seal effectively in a
confined arrangement. Teflon washers were used in a counter bore with
copper backing washers which sealed the longitudinal bolts, clamping
the bells at the ende A polyethylene gasket was used to seal the bells.
The Tygon was used to seal the photomultiplier glass circumference to
the Inside of the sleeves on the core scanner, in a packing-gland
arrangement. The Tygon "glands" were made from a section of 2-inch ID
Tygon tubing, machined at low speed with a knife edge. The Phenoline
300 used to coat the interior of the core scanner flaked and peeled,
and destroyed the reflective characteristics. Due to the generally
unsatisfactory performance of this unit, a new scintillation core scan-
ner has been designed and built and is now under test. This unit uses
sodium iodide as the phosphor and is shielded by approximately 2 inches
of lead.

A number of the 6~ and 12-volt carborne-airborne scintillation
counters have been modified to improve the long term stability, de-
crease the load on the vibrapack and to make certain critical components
more accessible, Generally speaking, these units have given very satis-
factory service. One of the 12-volt units was run continuously for a
two-month period to monitor fall-out from the A-bomb tests in Nevada.
This test showed up defects in the voltage regulation which have been
eliminateds The detecting element used for monitoring fall-out is
located on the roof of the Radiation Laboratory and is connected to the
amplifier-ratemeter through 50-foot cables.

" The portable gamma-ray scintillation logger has been modified so

that adjustment made on the surface while the instrument is in operatior
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will reduce the sensitivity by as much as 40 times without seriously
affecting the energy response of the instrument., With these adjustments,
it is possible to use the instrument to log ore-grade materials as well
as to use it as a tool for studying stratigraphy and lithology.

A jeep-mounted recording scintillation gamma-ray logger has been
fabricated and is under test,

An automatic sample changer using the scintillater principle, for
studying alpha emission from large area samples, was designed and a
working model constructed. The turntable will accommodate eight
sampres. Simplicity is of prime importance in this type of equipment.
The instrument will count each sample for a pre-determined time in a
repetitive manner. Knowing the time interval between each count and
the magnitude of the count over a long period of time, decay curves for
all samples can be derived,

The radioactive fall-out from the atomic bomb test in Nevada this
spring has seriously handicapped work in the Radiation Laboratory. The
radiocactivity in this area associated with each test was monitored and
recorded for future reference.

Gamma-ray logging studies

by
Carl M. Bunker

Equipment and operational techniques used in gamma-ray logging in
the Florida phosphate district have been reviewed and some modifications
were made, to obtain more accurate grade and thickness estimates of the
radicactive phosphatey, and to obtain better resolution so that the equip-

mernt can be used for making more accurate lithologic logs.
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Three simulated drill holes were constructed for calibration
purposes. Three grades of ore were placed in them in various thick-
nesses., Upon completion of the logging of the simulated drill holes
a calibration chart showing the variation in count rate with grade
and thickness of radiocactive material will be prepared to supplement
an instruction manual for interpreting gamma-ray logs obtained from
exploratory drill holes.

A jeep-mounted scintillation type gamma-ray logging unit designed
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